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ABSTRACT OF THESIS

ALGAE OR YEAST SUPPLEMENTATION FOR LACTATING DAIRY COWS
The objective of the first study was to quantify the effects of feeding Schizochytrium
sp. microalgae (SP-1, Alltech, Inc., Nicholasville, KY) on milk fat and DHA content. Eight
cows were fed: 0, 100, 300, or 600 g of algae per day. Fat percentage was greater (P < 0.05)
for cows on treatments 0 g and 100 g than for cows on treatments 300 g and 600 g (P < 0.05).
Docosahexaenoic acid in milk was greater for cows on treatment 300 and 600 than for cows
on treatment 0 and 100 (P < 0.05).
The objective of the second study was to assess yeast supplementation effects on high
and low forage dairy cow diets. Four cows were assigned to 1 of 4 treatments: 1) low forage
(LF), 2) low forage with 10 g/d yeast (Yea-Sacc®; Alltech Inc., Nicholasville, KY; LFY), 3)
high forage (HF), or 4) high forage with 10 g/d yeast (HFY). Only rumination time and DMI
were influenced by treatment (P < 0.01). Dry matter intake was 17.05, 13.41, 19.44, and
20.29 ± 1.40 kg/d and rumination time was 442.88, 323.09, 433.34, and 475.50 ± 21.93
min/d for cows on the LF, LFY, HF, and HFY treatments, respectively.
KEYWORDS: algae, milk fat, docosahexaenoic acid, yeast, rumen pH, subacuate ruminal
acidosis
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CHAPTER ONE
Review of Literature
ALGAE SUPPLEMENTATION
Introduction
Milk and other dairy products have been accepted as high-quality components of
the human diet, offering a source of energy, protein, minerals, and vitamins (Haug et al.,
2007). Although dairy cow milk has historically been recognized as a nutritious product,
milk fatty acid composition has been more controversial. The fatty acids in dairy cow
milk are more saturated than those found in plant oils, due to biohydrogenation of
polyunsaturated fatty acids (PUFA) that occurs in the rumen (Lock and Bauman, 2004).
Saturated fatty acids comprise more than half of the total fatty acids found in cow milk,
compared to 25% of the total fatty acids in vegetable oil (USDA-ARS, 2014). Negative
human health implications are associated with excessive saturated fatty acid
consumption.
Human Health
Milk contains saturated fatty acids such as lauric, myristic, and palmitic acids that
have cholesterol-increasing properties (Mensink et al., 2003). Chi and colleagues (2004)
questioned human subjects and found an association between regular milk consumption
and higher total serum cholesterol. In a meta-analysis, Elwood et al. (2004) evaluated the
relationship between total milk and dairy intake and the risk of ischemic heart disease and
stroke in humans. These researchers found no association between even the highest
intake of dairy products and ischemic heart disease and found an inverse relationship
between dairy consumption and risk for stroke (Elwood et al., 2004).
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Consumption of PUFA, particularly long chain, omega-3 fatty acids, benefits
human heart health (Covington, 2004). Docosahexaenoic acid (DHA), a long chain,
omega-3 PUFA, is essential for brain development and growth in infants, normal
cognitive functions in adults, and has been reported to help reduce the risk of
cardiovascular disease, type 2 diabetes, hypertension, cancer, and neurological diseases
(Connor, 2000; Williams, 2000; Wijendran and Hayes, 2004; Larsson et al., 2004). The
typical Western diet contains an omega-6 to omega-3 ratio of 20 to 30:1; however, the
ideal ratio is 4:1 or less (Simopoulos, 1999). Consequently, DHA has become a desired
component of the human diet (Horrocks and Yeo, 1999).
Milk Fatty Acids
The fatty acid composition of dairy cow milk is easily manipulated by dietary
changes (Lock and Bauman, 2004). Dietary PUFA, such as DHA, are converted to trans18:1 fatty acids and conjugated linoleic acids (CLA) via incomplete rumen
biohydrogenation (Harfoot and Hazlewood, 1997). Incomplete biohydrogenation occurs
because PUFA affects the microbial processes, resulting in an accumulation of trans-18:1
fatty acids and CLA in the rumen (Chilliard et al., 2001). This is reflected by a shift in
milk fatty acid profile, which may be associated with milk fat depression (MFD)
(Chilliard et al., 2001). Feeding long chain fatty acids to ruminants that are unprotected
from metabolism in the rumen will depress milk fat (Lock and Bauman, 2004).
Polyunsaturated fatty acids undergo biohydrogenation in the rumen by certain bacteria as
a protective mechanism against the toxic effects of PUFA on these bacteria (Piperova et
al., 2000). These bacteria alter the PUFA into trans-fatty acids, which have suppressive
effects on milk fat synthesis (Lock and Bauman, 2004).
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Some theories that attempt to explain the MFD phenomenon include VFA
alterations, insulin homeostasis, rumen trans fatty acid modifications, and fatty acid
biohydrogenation shifts in the rumen (Bauman and Griinari, 2003). The theory most
likely associated with the MFD frequently seen in DHA supplementation studies is the
biohydrogenation theory. When marine or algal oils are supplemented in the dairy cow
diet, the biohydrogenation pathways are altered to produce trans-10 18:1 and trans-10,
cis-12 CLA intermediates (Lock and Bauman, 2004). These intermediates are associated
with MFD in ruminants (Bauman and Griinari, 2003). Supplementing cows with a rich
source of DHA, such as microalgae, may naturally incorporate PUFA, specifically DHA,
into milk.
Dry Matter Intake
In previous dairy cow research, scientists observed decreased DMI with the
addition of fish oil (Cant et al., 1997; Doreau and Chilliard, 1997; Wonsil et al., 1994),
safflower seeds (Stegman et al., 1992), or algae (Franklin et al., 1999; Boeckaert et al.,
2008). Franklin et al. (1999) fed 910 g of algae and observed a 4.6 kg/d decrease in DMI
compared to control cows (P < 0.05). Similarly, Boeckaert et al. (2008) fed
approximately 180 grams of algae and observed a 7.76 kg/d decrease in DMI (P = 0.004).
Additionally, Papadopoulos et al. (2002) reported decreased DMI in dairy ewes
supplemented with algae. Most authors speculated that the decreased DMI was because
of palatability issues with the supplement itself; however, exact reasons remain unknown.
Milk Yield and Composition
Researchers who fed unprotected fish oil (Brumby et al., 1972; Cant et al., 1997)
or algae (Franklin et al., 1999; Stamey et al., 2012; Moate et al., 2013) often found no
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influence of treatment on milk yield. Franklin et al. (1999) recorded 23.9 and 24.0 kg of
milk produced/d on control and algae supplemented diets, respectively (P > 0.05).
Similarly, Stamey et al. (2012) recorded milk yields of 29.1 and 30.9 kg/d for control and
algae supplemented cows, respectively (P = 0.07). Cows on a study by Moate et al.
(2013) produced 22.2 kg of milk/d on a control diet compared to 22.3 kg per d when fed
375 g of algae/d (P = 0.16). Algal or fish oil supplementation is unlikely to have a direct
effect on milk yield based on previous research.
Milk DHA
Docosahexaenoic acid has a relatively low transfer efficiency into milk fat,
ranging from 1.9 to 16.7% (Offer et al., 1999; Franklin et al., 1999; Chilliard et al., 2001;
Shingfield et al., 2003). More recently, Stamey et al. (2012) reported DHA transfer
efficiencies up to 3.4% in dairy cows while Toral et al. (2010) measured a DHA transfer
efficiency of 1.6 to 2.5% in sheep. These relatively low reported transfer efficiencies
may have been a result of partial biohydrogenation in the rumen (compared to
metabolism of DHA post-ruminally) or partitioning into plasma lipid fractions, resulting
in less fatty acid substrate available to the mammary gland (Lock and Bauman, 2004).
Conclusions
Dairy cow milk contains a high concentration of saturated fatty acids, which if
consumed in excess, may lead to negative human health implications. Consumption of
PUFA, such as DHA, may offer benefits to human health, including improved cognitive
function and reduced risk of cardiovascular and neural diseases and cancer.
Supplementing DHA via algae into the diet of dairy cows may be a way of naturally
incorporating DHA into milk. However, the consumption of PUFA may cause milk fat
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depression in dairy cows. Substantial milk fat depression may not be economically or
practically favorable.

SUBACUTE RUMINAL ACIDOSIS
Introduction
The demand for great quantities milk in the United States is more important and
evident than ever. According to the United States Census Bureau, the 1950 US human
population was approximately 150 million. By 2010, it increased to 308 million (US
Census Bureau, 1950, 2010). Increased population increases food and land competition.
As a response, the total amount of milk produced in the US has increased. Subsequently,
the total number of cows has decreased from 21.9 million in 1950 to 9.2 million in 2000
(USDA ERS, 2002). The average milk production per cow in the United States has
increased from 2,410 kg/cow in 1950 to 8,257 kg/cow in 2000 (USDA ERS, 2002). By
2013, total milk production was 9,898 kg/cow (USDA NASS, 2013). This improvement
in efficiency has been important for the maintenance of a growing population with
limited landspace for agriculture
Maintaining abundant milk production from healthy cows is often difficult,
especially when many of the most common diseases manifest in the same way. Most
common metabolic diseases show similar symptoms, such as weight loss, body condition
loss, decreased milk yield, and lethargy. Based on these symptoms alone, it can be
difficult to diagnose a cow with one disease or another. One specific disorder of interest
is subacute ruminal acidosis (SARA). Subacute ruminal acidosis is an issue for the dairy
industry today because of energy dense rations used to support higher production levels.
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This is primarily achieved by feeding more grains and less forage, often resulting in
higher SARA incidence. This literature review will focus on SARA and its symptoms, its
effects on the rumen, diagnosis, and control strategies, specifically with the inclusion of
yeast in the diet.
Definition
Scientists often have difficulty agreeing on one definition for SARA with
substantial variation in the literature for how to describe the subacute form of this
disorder. However, Krause and Oetzel (2006) defined SARA as periods of moderately
depressed ruminal pH, from 5.0 to 5.5. These lowered pH periods result from feeding
large quantities of rapidly fermentable carbohydrates to dairy cows. Ruminant animals,
by design of their unique digestive system, are intended to use primarily forage-based
diets. Prolonged periods of SARA may lead to laminitis, decreased milk production,
milk fat depression, rumenitis, liver abscesses, and other health implications (Kleen et al.,
2003).
Subacute ruminal acidosis is one of the most economically destructive metabolic
disorders in modern dairy herds. Stone (1999) reported SARA costs the US dairy
industry $400 to $475 per cow per year, based on decreased milk production and milk fat
depression. In 2014, this expense would equate to $567 to $673 based on inflation.
Garrett et al. (1997) examined 15 US dairy herds and found the presence of SARA to be
19% among early lactation cows and 26% among mid-lactation cows. These researchers
reported that approximately one-third of the herds examined experienced SARA in
excess of 40% of all cows in the herd (Garrett et al., 1997).
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Risk Factors
Kleen et al. (2003) identified that cows in the early post-partum period and cows
in mid-lactation are most likely to develop SARA. These two groups of cows are
predisposed to develop the disorder for two very different reasons. Cows in the early
fresh period experience a tremendous amount of stress. They undergo many
physiological and management changes within a short period. Early post-partum cows
must transition from a dry cow diet, which is often low in energy to a lactating cow diet,
which is much higher in energy. The ruminal environment in this situation does not
allow adequate time to transition to handle the new, higher energy substrate.
The ruminal mucosa is not as highly developed during this transition (Kleen et al.,
2003). When cows eat a high-energy diet, the carbohydrates are rapidly fermented by the
rumen microbes and transformed into short-chain volatile fatty acids (VFA) and lactic
acid (Owens et al., 1998). To fully use this increase in acid content in the rumen, the
mucosal papillae must adapt accordingly. The papillae must become longer to increase
the available absorptive surface area for the greater amount of VFA in the rumen
(Dirksen et al., 1985). Having been on a lower energy diet for several weeks, the ruminal
papillae of the early post-partum cow are not yet adapted to handle a large concentration
of VFA. An accumulated amount of acid in the rumen without the ability to absorb it
quickly is one reason for a sudden drop in ruminal pH for these cows.
Fresh cows transitioned suddenly from a dry to a lactating ration also lack the
microbial capacity to optimize their new diet. The dry cow diet is generally high in fiber,
allowing primarily cellulolytic bacteria to thrive (Kleen et al., 2003). Cellulolytic
bacteria are very sensitive to low pH and the activity of these bacteria are reduced at a pH
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of 6.0 or less (Slyter, 1986). When animals are transitioned to a high starch diet, the pH
decreases in the rumen, stimulating the production of lactic acid producing bacteria, such
as Streptococcus bovis, and Lactobacillus spp. (Al Jassim and Rowe, 1999). These
bacteria negatively affect the existence of cellulolytic bacteria and protozoa, which in
turn proliferate the production of lactic acid producing bacteria. Consequently, the pH is
decreased further and the cycle of lowered ruminal pH is continued (Al Jassim and Rowe,
1999).
The other group of animals at risk for SARA is mid-lactation cows. These cows
develop the disorder for a much different reason than fresh cows. By mid-lactation, the
ruminal papillae and microbial organisms have had adequate time to adjust to the higher
energy ration. These cows are susceptible to SARA mostly due to poor management
practices. Kleen et al. (2003) concluded that the occurrence of SARA in mid-lactation
cows due to poor management practices more frequently occurs in herds that are
component fed. Social ranking plays a part in mid-lactation cow SARA incidence. Cows
that rank at the top of the social hierarchy may displace cows at the bunk that are lower
on the social hierarchy. The higher ranked cows may then select for finer particles and
concentrates. Consumption of finer particles increases susceptibility to SARA because of
increased digestion rate, decreased rumination, and salivary buffering (Kleen et al.,
2003). In addition, cows that are more submissive are more likely to eat fewer, larger
meals, which may also lead to SARA. Grouping cows so that similar aged cows are
together may be a way of minimizing the occurrence of bunk-displacement.
Ration over-mixing may lead to finer particle size. Finer particles do not promote
adequate chewing and salivary production by the cow, thus limiting the amount of
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salivary buffering of the rumen contents (Nordlund et al., 1995; Garrett, 1996). In high
producing dairy herds, the forage to concentrate ratio already approaches inadequate
dietary fiber. If the management practices are compromised to allow for inadequate
mixing or feed delivery, cows can quickly develop symptoms of SARA.
Specific Ruminal Effects
Ruminal VFA have a pKa value of 4.9, and at a pH of less than 5.5 in the rumen,
VFA shift quickly to the protonated form and remove a free hydrogen ion from the rumen
fluid. Ultimately, this facilitates VFA absorption across the ruminal epithelium (Krause
and Oetzel, 2006). This mechanism of removing the accumulated acid in the rumen is an
adaptive advantage for the cow under SARA circumstances. However, the results of
lowering the pH this way can be offset by lactate production (Krause and Oetzel, 2006).
When cows are fed large quantities of starch, the bacteria Streptococcus bovis ferments
glucose into lactate rather than VFA causing the pH to drop further, continuing the
process of lactate production via lactobacilli (Krause and Oetzel, 2006). The lower pKa
value of lactate (3.9) makes it less likely to dissociate in the rumen than VFA causing the
lactate to remain in the rumen longer, forcing the pH lower (Krause and Oetzel, 2006).
Increased lactate in the rumen cause lactate-utilizing bacteria, such as
Megasphaera elsdenii and Selenomonas ruminantium, to begin to consume the built-up
lactate. These bacteria then proliferate and increase their presence in the rumen (Goad et
al., 1998). Specifically, these bacteria convert the excess lactate to VFA, which are
easier for the rumen to absorb (Krause and Oetzel, 2006). When these lactate-utilizing
bacteria are present, most excess lactate can be used alleviating the issue (Counotte and
Prins, 1981). However, if the pH reduction is severe enough (5.0 or less), the lactate-
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utilizing bacteria cannot grow and reproduce. Consequently, lactate production may
exceed the ability of bacteria to metabolize the excess lactate, once again causing the pH
to drop further (Russell and Allen, 1983). Another issue that arises is that the turnover
rate of the lactate-utilizing bacteria is considerably slower than for Streptococcus bovis,
compounding the lactate utilization issue (Mackie and Gilchrist, 1979).
Quinn et al. (1962) claimed that protozoal populations do not thrive well when
they are repeatedly exposed to ruminal pH levels below 5.5. Some protozoal species,
specifically Entodiniomorphid protozoa, are key players in maintaining rumen pH
(Plazier et al., 2008). These types of protozoa possess the ability to engulf starch and
outcompete the lactic acid-producing bacteria for substrate (Bonhomme, 1990). When
populations of bacteria and protozoa in the rumen are lower due to imbalanced pH, the
microbes are less able to recover and restore normal conditions (Garry, 2002). If the
delicate balance between acid production and acid removal is offset, cows will suffer
from SARA (Allen, 1997). A delicate bacteriological and protozoal equilibrium exists in
the rumen that is sensitive to pH changes and difficult to restore when the pH is
imbalanced.

SIGNS AND SYMPTOMS
Decreased DMI
Many studies have shown decreased DMI during periods of SARA. KrajcarskiHunt et al. (2002) found a considerable DMI decrease of 6.4 kg per d (P < 0.05) during
periods of induced SARA and an overall impaired digestion of feed using an in situ
rumen digestibility method, compared to cows under control circumstances. However,
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Khafipour et al. (2009) showed that reducing rumen pH via processing alfalfa (replacing
alfalfa hay with alfalfa pellets) did not influence DMI. Differences in grain-induced
SARA versus forage processing-induced SARA suggest that additional factors are
responsible for reducing DMI beyond rumen pH, osmolarity, and VFA concentration
(Plazier et al., 2008).
The mechanisms behind depressed feed intake and lowered body condition are
complex. Khafipour et al. (2009) found that SARA induced by forage processing instead
of by feeding grains did not increase systemic inflammation, which is the case for graininduced SARA (Plazier et al., 2008). Decreases in DMI from grain-induced SARA cases
could be attributed to inflammation in the body rather than depressed ruminal
fermentation.
Another reason for decreased intake during SARA is weaker rumen motility
(Kleen et al., 2003). Increased bacterial endotoxin levels and increased histamine levels
during periods of SARA have been reported to contribute to rumen hypomotility (Hoeben
et al., 2000). During SARA bouts, researchers reported decreased DMI due to increased
osmolarity of rumen contents (Owens et al., 1998). This is due to increased glucose,
short chain fatty acids, and lactate that have accumulated in the rumen, causing a flow of
fluid into the rumen, reducing DMI (Kleen et al., 2003).
Rumenitis and Liver Abscesses
Rumenitis can be defined as an inflammation of the ruminal epithelium (Krause
and Oetzel, 2006). Rumenitis plays a role in decreasing feed intake in SARA affected
cows (Krause and Oetzel, 2006). Rumenitis is the “fundamental lesion of SARA and
initiates chronic health problems” according to Krause and Oetzel (2006). Rumen
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epithelial cells are not protected by mucus and are highly susceptible to damage by acids
in the rumen (Krause and Oetzel, 2006). When the rumen epithelium becomes infected,
bacteria have the ability to leak into the blood stream and ultimately into the portal
circulation. Excess bacteria in the blood may lead to liver abscesses, peritonitis, or can
cause infection in the lungs, heart, kidneys, or joints (Nordlund et al., 1995; Nocek et al.,
1997).
Diarrhea
A link between SARA and altered feces in dairy cows has been well-established
(Dirksen, 1985; Nordlund et al., 1995; Oetzel, 2000; Garry, 2002). The pH of feces is
more acidic in SARA affected cows than healthy cows (Dirksen, 1985). The color of
feces during SARA has been described as bright yellow (Kleen et al., 2003) and the smell
is altered such that it smells “sweet-sour” (Oetzel, 2000). Garry (2002) claimed whole
cereal grains may be present in the feces but that all of the changes are usually temporary.
The changes that occur in the feces of SARA affected cows may be attributed to
increased post-ruminal fermentation, related to the flux of rapidly fermentable
carbohydrates from the rumen (Oetzel, 2000). Hindgut fermentation may produce VFA
and carbon dioxide creating feces that appear “foamy” due to the presence of bubbles
(Plazier et al., 2008). When excessive hindgut fermentation occurs, feces acidity
decreases, causing sloughing of the large intestine epithelial cells (Hall, 2002). To cope
with this sloughing, the cow secretes mucin to protect the intestines from further damage
(Argenzio et al., 1988). The presence of mucin casts in the feces may be an indicator of
SARA in the herd (Hall, 2002). Another explanation of changes in the fecal matter of
SARA cows offered by Garry (2002) is that the high osmolarity, as previously described,
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causes binding of fluid in the intestinal lumen of SARA affected animals, culminating in
softer feces.
Laminitis
One major concern that is frequently associated with cows diagnosed with SARA
is laminitis (Ivany et al., 2012). Scientists have reported hoof discoloration, sole
hemorrhages, ulcers, abscesses, misshapen hooves, or double-walled soles in SARA
affected cows (Nordlund et al., 1995; Oetzel, 2000). While a direct relationship between
the two disorders has yet to be definitively determined, a few links have been found
between them (Nordlund et al., 1995). Cows are more likely to develop laminitis when
they are on a high concentrate diet (Kelly and Leaver, 1990) and the severity of laminitis
in SARA positive cows is much greater than laminitis in non-SARA associated cows
(Oetzel, 2000). Also, the amount and frequency of concentrates fed influences the
development of laminitis; the more concentrated feeds are consumed in a shorter time
span, the more likely an animal is to develop laminitis (Bergsten, 1994). Kleen et al.
(2003) claimed “the presence of SARA should be suspected in herds with a high
incidence of animals showing clinical lameness or lesions.”
Lowered ruminal pH may trigger the release of substances such as histamine and
lipopolysaccharide endotoxins (LPS) from bacteria that likely damage the capillaries of
the lamellae in the foot, which may cause hemorrhage, inflammation, and ultimately
lameness (Nocek, 1997). Gozho et al. (2005) found conflicting evidence when they
reported that grain-induced SARA did increase the presence of LPS in the rumen,
however, those LPS did not make their way into the peripheral blood stream. The
relationship between these two disorders remains unclear.
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Milk Fat Depression
Another major concern in SARA-affected cows is milk fat depression. Milk fat
depression causes substantial economic losses to dairy producers, especially those who
sell their milk to a cheese market. As is the case for laminitis, a causative link between
SARA and milk fat depression has not been established, but a relationship between the
two exists (Kleen et al., 2003). Milk fat depression can occur because of feeding a ration
that is high in energy but low in forage, feeding processed roughages (pelleted), and
supplementing cows with unsaturated fatty acids (Kleen et al., 2003). Many scientists
attribute milk fat depression in SARA affected cows to altered rumen fermentation
(Dirksen 1985). With regard to the three major VFA in the rumen, for SARA affected
cows, acetate levels were reduced, propionate levels were increased (Van Beukelen et al.,
1985; Murphy et al., 2000; Khorasani and Kennelly, 2001), and butyrate levels were
increased (Van Beukelen et al., 1985; Murphy et al., 2000). Proper rumen fermentation
must be maintained in order to eliminate the chances of milk fat depression. When cows
are fed a highly concentrated diet, these ruminal fermentation patterns are altered,
offsetting the balance of the three major VFA.
Adding adequate dietary buffer to the diet of SARA affected cows may alleviate
the negative effects of SARA on milk fat depression and ruminal pH (Kleen et al., 2003).
Specifically, adding buffers to the diet prevents the formation of trans-C18:1 fatty acids,
which have been suggested to inhibit milk fat synthesis in the mammary gland (Kennelly
et al., 1999).
Kleen et al. (2003) claimed SARA and milk fat depression both arise in a
situation of feeding a high energy, low fiber diet. However, it would be unjustified to

14

claim these two syndromes are connected in any other way than a simple association.
Even though SARA and milk fat depression may occur in the same situation, they are
unlikely directly dependent on one another.

DIAGNOSIS
Currently, positively diagnosing cows with SARA is difficult, as the most
immediate, noticeable side effects of the disorder are inconclusive. Depressed feed
intake, body condition loss, and ultimately, decreased milk yield are indicative of many
other common dairy cow diseases. Without being able to directly measure rumen fluid
pH, SARA diagnosis is difficult. Directly measuring the rumen pH is possible but
impractical due to the expense and invasiveness of cannulation surgery, stomach tubing,
and ruminocentesis (Duffield et al., 2004).
Rumenocentesis and Stomach Tubing
Scientists do not always agree on the definition of SARA, including the threshold
at which the animal’s health is compromised (Plazier et al., 2008). Duffield et al. (2004)
compared rumen fluid pH collected using a stomach tube, rumen fluid collected via
rumenocentesis, and rumen fluid collected from the ventral sac of the rumen through a
cannula. These authors found samples collected from the ventral sac of the rumen via
cannula and through a stomach tube were 0.35 and 0.33 pH units higher than the pH of
the rumen fluid collected via rumenocentesis (Duffield et al., 2004). They concluded the
pH threshold for SARA determined by rumenocentesis, sampled from the ventral sac via
cannula, and using a stomach tube should be set at 5.5, 5.8, and 5.9, respectively
(Duffield et al., 2004).
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Other authors have suggested different thresholds. Garrett et al. (1999) proposed
a pH threshold of 5.5 when collecting samples via rumenocentesis. Plazier (2004)
suggested a pH threshold of 6.0 when rumen fluid was collected via stomach tube at 4
hours post-feeding. Gozho et al. (2005) recommended a threshold set between 5.2 and
5.6 when rumen fluid was collected at least three times per day. Cooper et al. (1999)
recommended a pH threshold between 5.2 and 5.6. Beauchemin et al. (2003) suggested
the pH threshold should be set at less than 5.8. Clearly, much variation in the threshold
recommendations as well as techniques used for collecting samples exists.
Indwelling Rumen pH Probe
Another practical, but expensive, approach to measuring rumen pH is the use of
indwelling rumen pH probes that continuously measure, record, and wirelessly offload
ruminal pH to a computer. Many of these devices can create alerts to the producer when
the pH reaches the SARA threshold. Once the producer has been notified of a potential
SARA case, further action can be taken to alleviate this problem. The producer may
decide to alter feeding strategies or grouping techniques.
This particular form of diagnosis is advantageous because much diurnal variation
in ruminal pH exists. These probes allow for continuous measurement without the risk of
getting a misrepresentative reading leading to false diagnosis based on time of day or
sampling error (Keunen et al., 2002; Duffield et al., 2004). If the boluses function
properly, this new type of precision technology could be a useful tool in managing
SARA. However, a few issues are associated with the technology including accuracy and
drift (Phillips et al., 2010) and price of the technology and software.
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Many different companies, including Kahne Animal Health (Kahne Animal
Health, Ltd, Auckland, New Zealand), Well Cow (Well Cow, Ltd, Roslin Bioscience
Centre, Scotland), eCow (eCow Devon, Ltd, Exeter, United Kingdom), smaXtec
(smaXtec Animal Care, Graz, Austria), and others, market wireless rumen pH boluses.
However, many of these products have yet to be scientifically validated by comparing pH
values to a gold standard, bench-top pH probe. The most commonly reported method for
validating rumen pH boluses includes directly comparing the values from the devices to
manually collected rumen fluid pH values from a standard bench-top pH probe (AlZahal
et al., 2007; Phillips et al., 2010). AlZahal et al. (2007) compared an indwelling,
continuously recording pH monitoring device with a standard hand-held pH meter and
found the mean difference between the two devices was 0.07 ± 0.02 pH units (P = 0.009)
with a correlation of r = 0.88 (P = 0.002). While the indwelling devices did prove to give
fairly accurate readings in the short term (48 h), this study did not measure the accuracy
of the indwelling system long term.
Phillips et al. (2010) measured the accuracy of the Well Cow (Well Cow, Ltd,
Roslin Bioscience Centre, Scotland) pH-monitoring device in the short and long term (70
d). These scientists found the boluses agreed quite closely with the manual pH readings
up to approximately 40 days with a mean difference of 0.25 ± 0.20 s.d. (P < 0.01, r =
0.982) (Phillips et al., 2010). However, after 40 days, the mean difference between the
boluses and manual readings increased to 0.60 ± 0.15 s.d., implying the boluses began to
drift further apart from the manually recorded pH value (Phillips et al., 2010). In general,
this type of technology is still relatively new to the dairy industry and warrants much
room for improvement in validation of accuracy.
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TREATMENT AND PREVENTION
Krause and Oetzel (2006) identified three main causes of subacute ruminal
acidosis: 1) inadequate ruminal buffering due to insufficient levels of effective fiber in
the diet, 2) excessive intake of rapidly fermentable carbohydrates, and 3) inadequate
adaptation to a diet high in rapidly fermentable carbohydrates. These three concepts and
their underlying management strategies are important to consider when discussing the
treatment and prevention of SARA in modern dairy herds.
Buffering
Two types of buffering can occur within ruminants including endogenous and
dietary (Krause and Oetzel, 2006). Endogenous sources refer to the buffers produced
naturally by the cow via saliva (Krause and Oetzel, 2006). Dietary buffering refers to
buffers that are added to the ration such as sodium bicarbonate (Krause and Oetzel,
2006). In order to increase the amount of natural buffering, or salivary secretion by the
cow, many forage management options have been considered. The concept of
formulating a ration based on the neutral detergent fiber (NDF) fraction of a diet has been
widely accepted as a way of ensuring proper levels of effective fiber. This is
accomplished based on the relationship between NDF fraction and rumen fill, or the
inverse relationship between NDF fraction and energy level of a feedstuff (Mertens,
1994). However, the level of dietary NDF alone is not enough to account for effective
fiber levels because the way that different types of fibers are used in the rumen varies
(Nocek and Tamminga, 1991). The NRC (2001) has accounted for this concept by
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suggesting that a certain proportion of the NDF fraction come from forages and not just
looking at the NDF value of the ration as a whole.
Because considering the NDF value of the ration as a whole may not be adequate,
Mertens (1997) introduced the concept of physically effective NDF (peNDF). Physically
effective NDF relates specifically to the particle length of the fiber present in the ration
and is determined based on the amount of chewing activity a fiber stimulates (Krause and
Oetzel, 2006). A cow’s fiber requirement is complex and affected by many interactions
within the ration.
Corn silage makes up a large proportion of US dairy cattle rations; therefore,
another major consideration when dealing with endogenous buffering is the amount and
level of processing of corn silage (Krause and Oetzel, 2006). The fiber components of
corn silages vary in their digestibility based on the genetics of the different varieties (Oba
and Allen, 2000). In addition, the amount of kernel processing of the corn grain in corn
silages varies considerably (Krause and Oetzel, 2006). Chopping corn silage particles too
short or too long can have negative consequences. If the particles are chopped so that
they are too long, fermentation in the silo is impaired and sorting at the feed bunk is
increased (Kononoff et al., 2003). One way to determine if the particle length of a TMR
is adequate enough to optimize salivary production and ultimately endogenous buffering
is by using the Penn State Forage Particle Separator (Oetzel, 2000). Diets containing less
than 7% long particles (or particles retained on the top screen) increase a cow’s risk for
developing SARA (Grant et al., 1990). However, having over 15% long particles also
increases a cow’s risk for SARA because the long particles encourage sorting behavior
(Leonoardi and Armentano, 2003).
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The dietary cation-anion difference (DCAD) of a diet is used to explain the
efficiency of dietary buffering sources (Krause and Oetzel, 2006). Rations that have high
levels of Na and K in relation to Cl and S have a higher DCAD value and are favorable
for higher ruminal pH, increased DMI and milk yield (Block and Sanchez, 2000; Sanchez
et al., 1994). When considering the DCAD concentration of a diet, common buffers such
as sodium bicarbonate and potassium carbonate are often added to reach the optimum
DCAD level (Krause and Oetzel, 2006). Concentrates generally have a low or negative
DCAD value, indicating their SARA potential. The optimal DCAD level of a diet should
fall between +275 and +400 mequiv./kg of (Na + K) – (Cl + S) (Krause and Oetzel,
2006). While dietary buffers may not be able to fully eliminate SARA in a herd, they
could be a key management strategy in managing the problem.
Rapidly Fermentable Carbohydrates
The excessive intake of rapidly fermentable carbohydrates is often the most
frequently attributed cause of SARA. Many US dairy operations maximize milk
production via addition of cereal grains into diets while simultaneously, avoiding SARA
as much as possible. One way of doing this is by considering the non-fiber carbohydrate
(NFC) fraction in the diet (Krause and Oetzel, 2006). Examples of NFC in the diet
include organic acids, sugars, starch, and pectin. Recommended levels for NFC inclusion
in the diet are no more than 350 to 400 g/kg of diet DM when the NFC component is
predominantly sugar or starch or no more than 400 to500 g/kg when other NFC fractions
are the primary components (Hoover and Miller, 1995). However, the optimal NFC
concentration in the diet is not the same for all diets because carbohydrate fermentation
differs for all diets (Krause and Oetzel, 2006).
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Evaluating dairy rations for the level of fiber and non-fiber carbohydrates is
another important step in determining the level of SARA that can be expected (Krause
and Oetzel, 2006). Sampling the feed regularly, performing a wet chemistry analysis,
and updating the ration frequently can allow farmers and nutritionists to maintain a firm
grasp on SARA management within a herd.
Inadequate Adaptation
Inadequate ruminal adaption affects early post-partum cows more than midlactation cows. As previously reported, during the fresh cow adaptation to a high-energy
diet, the rumen must be allowed sufficient time for microbial adaptation and rumen
papillae lengthening to optimally utilize the new ration (Dirksen et al., 1985). However,
when considering management strategies to make this transition easier on the cow,
Garrett et al. (1997) examined herds that fed cows in the late dry period an increased
grain diet and found no effect on ruminal pH (P > 0.05).
Andersen et al. (1999) found similar results during a controlled componentfeeding study where the cows that were fed grain in the late dry period did not have
significantly different ruminal pH or DMI after calving. Based on these studies, Krause
and Oetzel (2006) suggest even though fresh cows are often abruptly transitioned to a
high-energy diet with no ruminal adaption period, an adaptation period may be
inconsequential, especially in TMR-fed herds.
Facility Design
The design of the feed bunk could play an important role in SARA management
as well (Krause and Oetzel, 2006). Feeding cows from a floor level versus an elevated
bunk creates a more natural head position for feeding which stimulates salivary
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production and ultimately ruminal buffering (Albright, 1993). Also, feeding in a drivethrough alley reduces the chances of sorting compared to an elevated feed bunk
(Albright, 1993). Both of these factors are important considerations that may help reduce
the risk of SARA development.
Yeast
Supplementing dairy rations with certain strains of yeast has effectively reduced
rumen pH in many studies (Desnoyers et al., 2009). In a meta-analysis conducted by
Desnoyers et al. (2009), scientists found yeast supplementation in 97 studies significantly
increased rumen pH, 77 studies increased rumen VFA concentration, and 16 studies
tended to decrease rumen lactic acid concentration. Similarly, yeast supplementation
significantly increased DMI in 47 studies, significantly increased milk yield in 59 studies,
and tended to increase milk fat content in 57 studies (Desnoyers et al., 2009).
The effects of yeast supplementation on rumen pH and fermentation patterns vary
(Desnoyers et al., 2009; Poppy et al., 2012). Lescoat et al. (2000) published a review
using 40 papers and did not observe any influence of yeast supplementation on rumen
pH. Similarly, in a review by Sauvant et al. (2004), 78 experiments were analyzed
resulting in no influence of yeast supplementation on rumen pH or VFA concentration.
Two possible explanations exist as to why variability has been observed among
trials involving yeast supplementation including a lack of sufficient sample size and
statistical power and variation in the strain of yeast supplement used in the reviewed
studies (Poppy et al., 2012). Lacking sufficient statistical power can increase the chance
of missing a true treatment effect, which is referred to as a type II statistical error. A
treatment effect may not be meaningful if the reviewed articles are assumed to have used
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the same type of yeast strain but actually did not (Poppy et al., 2012). The two main
types of yeast strains that are commonly supplemented in dairy rations include cultures
that are produced through fermentation and active dry products that contain live yeast
cells (Poppy et al., 2012). For active dry yeast products, the most common species
produced is Saccharomyces cerevisiae (Chaucheyras-Durand et al., 2008). The two types
of yeast products available have different effects on rumen and production parameters, so
that could be a major explanation behind the inconsistencies in the literature (Poppy et
al., 2012).
Several modes of action exist to explain how yeast mitigates the negative effects
of SARA in the rumen. Specifically, yeast supplementation may enhance the
proliferation of lactate-utilizing bacteria, which can help reduce the flux of lactate being
produced in the rumen under SARA circumstances (Dawson, 1995). Chaucheyras et al.
(1996) performed an in vitro examination of S. cerevisiae and observed the yeast strain
was able to outcompete S. bovis (a lactate-producing bacterium) for sugar, limiting the
amount of lactate produced by this species. Furthermore, the stimulation of growth of
lactate-utilizing bacteria (Megasphaera elsdenii and Selenomonas ruminantium) has been
observed in the presence of live yeast supplements in vitro in several studies due to an
increased supply of amino acids, peptides, vitamins, and organic acids that are critical for
the growth of these lactate-utilizing bacteria (Nisbet and Martin, 1991; Rossi et al., 1995;
Chaucheyras et al., 1996; Newbold et al., 1998; Rossi et al., 2004). Having more lactateutilizing bacteria present is critical for the removal of excess lactate in the rumen, which
increases pH.
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If the production of lactate spirals out of control, a dangerous situation for the
ruminal environment is created. However, lower ruminal pH is driven primarily by high
levels of VFA accumulation rather than lactic acid accumulation (Brossard et al., 2004).
For example, Krause and Oetzel (2005) reported that inducing acidosis via feed
restriction then slug feeding wheat grain resulted in high lactate concentrations (in excess
of 40 mM) in only 30% of cases. The role of active dried yeasts in this case was likely to
outcompete the acid-producing bacteria for consumption of starch and soluble sugars
(Chaucheyras-Durand et al., 2008).
In a sheep study, Brossard et al. (2006) examined feeding S. cerevisiae to animals
that were slug fed 600g/kg wheat grain. They observed an increase in the ciliate
Entodiniomorphid protozoa, which are important for utilization of starch and sugar in
competition with the lactate-producing bacteria (Brossard et al., 2006). Protozoa
metabolize starch into VFA much slower than amylolytic bacteria. If the protozoa are
able to outcompete some of these bacteria, the production of VFA is somewhat delayed,
allowing more time for the rumen pH to stabilize (Williams and Coleman, 1997).
Furthermore, Entodiniomorphs may also contain the ability to actually metabolize
accumulated lactate, adding to their importance in lactate control in the rumen
(Chaucheyras-Durand et al., 2008). The stimulation and growth of ciliate protozoa could
be an important role for yeast supplementation regarding SARA control.
Perhaps one of the most important roles of yeast supplementation in the rumen is
its ability to modify actual numbers of bacterial cells (Chaucheyras-Durand et al., 2008).
Newbold et al. (1995, 1996) observed increases in the number of bacteria present in the
rumen of animals fed S. cerevisiae. Chaucheyras-Durand et al. (2008) postulated that as
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more bacteria exist in the rumen, the demand for available N increases. If sufficient N is
present in the substrate, the carbon skeletons are diverted toward microbial protein
synthesis as opposed to being fermented to produce VFA (Chaucheyras-Durand et al.,
2008). Ultimately, increasing the rumen bacterial population may be a way of avoiding a
large increase in VFA production and the corresponding pH suppression. Yeast
supplementation is a key factor for controlling SARA based primarily on the shifting of
competitive advantage for certain populations of bacteria and protozoa in the rumen.
Other Nutritional Management Strategies
Meal size and delivery frequency are important management considerations when
dealing with a SARA issue. Allen (1997) claimed that as the size of a meal increases and
the dietary NDF concentration decreases, the ruminal pH decline following that meal
increases. Ensuring that cows are receiving a consistent TMR selection daily is one
management strategy to avoid SARA issues. If feeding time deviates within even 2 to 4
h of a normal schedule, animals are likely to eat a larger meal upon feeding thereby
increasing their odds of developing SARA (Milton, 1998).
In addition, more frequent feeding may reduce the risk of SARA. Krause and
Oetzel (2006) claimed the feeding management factors that may be more likely to
contribute to the development of SARA in a herd are limited feed access time, restricted
feeding, and inconsistent feeding schedule. All of these factors can potentially cause
cows to eat larger meals than normal, offsetting the delicate microbial balance that must
exist within the rumen.
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CONCLUSION
Subacute ruminal acidosis is a serious metabolic issue for modern dairy herds.
Some of the common symptoms of SARA include reduced DMI, rumenitis and liver
abscesses, diarrhea, laminitis, and milk fat depression. Currently, diagnosing cows with
SARA is difficult because these symptoms are common for other metabolic diseases.
Cows that are most susceptible to SARA are early post-partum cows and cows in midlactation. The main reason animals develop SARA is poor feeding management
strategies. Technology companies are developing new ways to detect SARA before it
becomes a major issue by using wireless, indwelling, ruminal pH probes. Producers
considering implementing ruminal pH probes into their operation should consider
whether the technology has been validated in the short and long term. One way that
many producers have attempted to alleviate the low rumen pH caused by SARA is
through inclusion of yeast in the ration. SARA is an important, economically destructive
disorder that affects a large number of animals in the US today.
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CHAPTER TWO

Algae supplementation effects on milk yield, milk fat, milk DHA content, and dry
matter intake
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INTRODUCTION
Milk and other dairy products have been accepted as high-quality components of
the human diet, offering a source of energy, proteins, minerals, and vitamins (Haug et al.,
2007). Although dairy cow milk has historically been recognized as a nutritious product
to consume, milk fatty acid composition has been more controversial. The fatty acids in
dairy cow milk are more saturated than those found in plant oils, due to biohydrogenation
of polyunsaturated fatty acids (PUFA) that occurs in the rumen (Lock and Bauman,
2004). Saturated fatty acids comprise more than half of the total fatty acids found in cow
milk, compared to 25% of the total fatty acids in vegetable oil (USDA-ARS, 2014).
Negative human health implications are associated with excessive saturated fatty acid
consumption.
Milk contains saturated fatty acids such as lauric, myristic, and palmitic acids that
have cholesterol-increasing properties (Mensink et al., 2003). Chi and colleagues (2004)
questioned human subjects and found an association between regular milk consumption
and higher total serum cholesterol. In a meta-analysis, Elwood et al. 2004) evaluated
associations between total milk and dairy intake and the risk of ischemic heart disease
and stroke in humans. These researchers found no association between even the highest
intake of dairy products and ischemic heart disease and actually found an inverse
relationship between dairy consumption and stroke (Elwood et al., 2004).
Consumption of polyunsaturated fatty acids (PUFA), particularly long chain,
omega-3 fatty acids, benefits human heart health (Covington, 2004). Docosahexaenoic
acid (DHA), a long chain, omega-3, PUFA, is essential for brain development and
growth in infants, normal cognitive functions in adults, and has been reported to help
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reduce the risk of cardiovascular disease, type 2 diabetes, hypertension, cancer, and
neurological diseases (Connor, 2000; Williams, 2000; Wijendran and Hayes, 2004;
Larsson et al., 2004). The typical Western diet contains an omega-6 to omega-3 ratio of
20 to 30:1; however, the ideal ratio is recommended to be 4:1 or less (Simopoulos, 1999).
Consequently, DHA has become a desired component of the human diet (Horrocks and
Yeo, 1999).
The fatty acid composition of dairy cow milk is easily manipulated by dietary
changes (Lock and Bauman, 2004). Dietary PUFA, such as DHA, are converted to trans18:1 fatty acids and conjugated linoleic acids (CLA) via incomplete rumen
biohydrogenation (Harfoot and Hazlewood, 1997). Incomplete biohydrogenation occurs
because PUFA affects the microbial processes, resulting in an accumulation of trans-18:1
fatty acids and CLA in the rumen (Chilliard et al., 2001). This is reflected by a shift in
milk fatty acid profile, which may be associated with milk fat depression (MFD)
(Chilliard et al., 2001).
Some theories that attempt to explain the milk fat depression phenomenon include
VFA alterations, insulin homeostasis, rumen trans fatty acid modifications, and fatty acid
biohydrogenation shifts in the rumen (Bauman and Griinari, 2003). The theory most
likely associated with the MFD frequently seen in DHA supplementation studies is the
biohydrogenation theory. When marine or algal oils are supplemented in the dairy cow
diet, the biohydrogenation pathways are altered to produce trans-10 18:1 and trans-10,
cis-12 CLA intermediates (Lock and Bauman, 2004). These intermediates are associated
with MFD in ruminants (Bauman and Griinari, 2003).
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Supplementing cows with a rich source of DHA, such as microalgae, may
naturally incorporate PUFA, specifically DHA, into milk. The objective of the current
study was to determine the effects of feeding cows different levels of Schizochytrium sp.
Microalgae (SP-1™, Alltech, Inc., Nicholasville, KY) on milk yield, milk fat and DHA
content, and dry matter intake.
MATERIALS AND METHODS
This experiment was conducted at the University of Kentucky Coldstream Dairy
Research Farm from July 3 to July 31, 2013. Eight, multiparous, mid-lactation, Holstein
cows were housed in a tie-stall, hoop-structure barn on Dual Chamber Cow Waterbeds
(Advanced Comfort Technology, Reedsburg, WI). Each stall was equipped with one
poly water bowl (SMB MFG, Wallenstein, ON) that allowed individual ad libitum water
access for each cow. All studies were performed with approval from the University of
Kentucky Institutional Animal Care and Use Committee (IACUC protocol number 20131106).
Measurements
Cows were acclimated to the barn one week before treatment and were milked 2X
at 0430 and 1530 in a double-two bypass parlor. Individual milk yield was recorded
daily using the AfiMilk system (S.A.E Afikim, Kibbutz Afikim, Israel). Composite milk
samples were collected into clear, 90 mL polypropylene resin vials (Capitol Vial, Thermo
Fisher Scientific, Hudson, New Hampshire) from each cow at both milkings on d 1 to 7,
13 to 14, 20, 21, 27, and 28 of the experiment. Samples were analyzed for somatic cell
count (Fossomatic™ FC somatic cell counter, Foss, Hilleroed, Denmark), fat, protein,
and lactose at the University of Kentucky Regulatory Services laboratory. Milk samples
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were analyzed for DHA content using the method described by Jenkins (2010) for
analysis of fatty acids in feed and digesta. Briefly, a two-step methylation procedure was
implemented, prepared samples were separated using a fused-silica capillary column, and
individual peaks were identified based on retention time comparisons (Jenkins, 2010).
Milk fat, lactose, protein, and DHA were averaged by study week (WEEK) for statistical
analysis.
Daily THI was calculated using daily weather through Kentucky Climate Data.
The Kentucky Climate Data is calculated through the University of Kentucky College of
Agriculture via a Campbell Scientific Inc. (Logan, UT) 23× data logger, located 5.63
kilometers from the Coldstream Dairy Farm. Temperature humidity index was computed
using the following formula (NOAA and Administration, 1976): THI = temperature (⁰F) [0.55 – (0.55 × relative humidity/100)] × [temperature (⁰F) – 58.8]. This study used
mean daily temperature and mean relative humidity to calculate mean THI.
Fat corrected milk (FCM; 3.5 % fat) was calculated using the following equation:
FCM (kg) = (0.432 × milk kg) + (16.23 × fat kg)
Transfer efficiency of DHA from feed to milk was calculated using the following
equation:
Transfer efficiency = [g DHA produced in milk / g DHA fed] × 100%

Treatments and Diets
The same basal TMR was fed ad libitum 2X/d at 1300 and 0430 (Table 2.1).
Cows were fed individually using 2 white, 21.5 gallon, 18” × 26” × 15” Rubbermaid Max
Box feed tubs (Rubbermaid Commercial Products, Inc., Winchester, VA) to 10%
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refusals. Feed was mixed daily at 1300 and allocted into two individually marked tubs
per cow. Algae was then mixed into each individual tub using a Reliance Duty Master
A-C Mixer (Reliance Electric Company, Cleveland, OH) feed mixer. Fresh feed was
delivered in the first tub around 1300 and the second tub was delivered after AM milking
around 0430 the next morning. Orts were weighed each day at approximately 1200 using
a Toledo 1500 lb Model 2181 scale (Toledo Metal Furniture Co., Baltimore, MD) for
determination of individual feed intake. Total mixed ration samples were analyzed daily
for dry matter using a Koster Moisture Tester (Koster Moisture Tester, Inc., Brunswick,
OH). Samples were weighed before and after testing to determine the amount of
moisture contained in the sample.
Cows were blocked into two blocks of four cows based on milk yield, parity, and
DIM. Blocks were balanced for milk yield, parity, and DIM to be as similar as possible
(Table 2.2). One cow from each block was randomly assigned to one of the following
treatments, allowing for 2 cows per treatment: 0 (0), 100 (100), 300 (300), or 600 (600)
grams of algae per d for 28 d. The Schizochytrium sp. Microalgae (SP-1™, Alltech, Inc.,
Nicholasville, KY) supplement was heterotrophically grown and spray dried. It
contained 60% total fat and 16% DHA on a DM basis. The daily allotment of algae was
divided in half with the first half fed with the first tub offered around 1300 and the
second half fed with the second tub offered at around 0430. Algae was mixed into each
individual TMR tub using a small batch feed mixer.
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Statistical Analysis
The MEANS procedure of SAS (Version 9.3 SAS Institute, Inc., Cary, NC) was
used to calculate the mean milk yield, milk fat, lactose, and protein percentages, dry
matter intake, and milk DHA content.
All data were edited using the UNIVARIATE procedure of SAS (Version 9.3
SAS Institute, Inc., Cary, NC). The 1st 99th or 5th and 95th percentiles of data were
examined and removed from the data where appropriate.
The MIXED procedure of SAS (Version 9.3 SAS Institute, Inc., Cary, NC) was
used to evaluate the fixed effects of WEEK, treatment, and their interaction on mean
weekly milk fat, lactose, and protein percentages, milk DHA content (g/d), milk yield
(kg/d), and DMI (kg/d), with block within treatment as subject repeated by WEEK.
Stepwise backward elimination was used to remove non-significant interactions (P ≥
0.05). All main effects were kept in each model regardless of significance level.

RESULTS AND DISCUSSION
Temperature Humidity Index
Mean temperature humidity index throughout the study was 79.95 ± 6.07. Mean
temperature humidity index was 77.12 ± 5.78, 83.36 ± 5.59, 84.90 ± 4.58, and 75.57 ±
2.76 for WEEK 1 to 4, respectively (Figure 2.1). Cows become heat stressed at a THI
value of 68 (Allen et al., 2015). The cows in this study were likely experiencing some
heat stress throughout study. Cows that experience heat stress (high THI) are likely to
decrease dry matter intake and milk yield due to heat dissipation energy losses and
attempts to decrease metabolic heat production (West et al., 2003).
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Dry Matter Intake
Treatment, WEEK, and the interaction of treatment and WEEK influenced DMI
(P < 0.01, P < 0.01, and P = 0.02, respectively). Mean DMI throughout the study was
24.78, 23.63, 20.45, and 21.95 ± 0.92 kg per cow per d for treatments 0, 100, 300, and
600, respectively (Figure 2.2). Intake did not differ between treatments 0 and 100 (P =
0.05). Intake was greater for treatments 0 and 100 than for treatments 300 and 600 (P <
0.01). Intake differed between treatments 300 and 600 (P = 0.03).
In previous dairy cow research, scientists observed decreased DMI with the
addition of fish oil (Cant et al., 1997; Doreau and Chilliard, 1997; Wonsil et al., 1994),
safflower seeds (Stegman et al., 1992), or algae (Franklin et al., 1999; Boeckaert et al.,
2008). Franklin et al. (1999) fed 910 g of algae and observed a 4.6 kg/d decrease in DMI
compared to control cows (P < 0.05). Similarly, Boeckaert et al. (2008) fed
approximately 180 g of algae and observed a 7.76 kg/d decrease in DMI (P = 0.004).
Additionally, Papadopoulos et al. (2002) reported decreased DMI in dairy ewes
supplemented with algae. Most authors speculated the decreased DMI was because of
palatability issues with the supplement itself; however, exact reasons remain unknown.
The algae supplement in this study had a strong odor and was presented in a fine power
that was difficult for the cows to sort around due to distribution throughout the TMR.
Therefore, the decreased DMI observed when more algae was fed could have been due to
palatability issues. Other factors that may have influenced DMI were impaired rumen
fermentation, heating of the TMR, or fiber digestion issues.
Mean dry matter intake was 26.75, 22.58, 20.14, and 21.33 ± 0.99 kg per cow/d
for WEEK 1 through 4, respectively (Figure 2.3). Intake did not differ between WEEK 3
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and 4 (P = 0.15), but was greater during the first WEEK of the study compared to the
following WEEK (P < 0.01). Intake was greater during the second WEEK than during
WEEK 3 and 4 (P ≤ 0.02). Cows consumed less feed as the study progressed, which
could be attributed to the unpalatable nature of the algae supplement or to heat stress.
However, even cows on treatment 0 consumed less feed over time (Figure 2.4), which
could be attributed to uncomfortable weather conditions or unfamiliarity with the tiestall
barn. Temperature humidity index increased until WEEK 4, which may explain why
DMI decreased over time during the study (Figure 2.4). Holter et al. (1997) established a
negative correlation between THI and DMI.
Milk Yield
Treatment did not affect milk yield (P = 0.30); however, WEEK did (P < 0.01).
For all cows in the study, mean milk yield was greater during the first 2 WEEKS of the
study compared to the last 2 WEEK (P < 0.01). Figure 2.5 illustrates the amount of milk
produced by the eight cows during the four WEEKS of the study. Cows produced 30.44
± 4.58 kg and 29.10 ± 4.58 kg of milk during the first 2 WEEKS, respectively, which did
not differ from each other (P = 0.19). During the last 2 WEEKS, cows produced 25.10 ±
4.58 kg and 25.21 ± 4.58 kg of milk respectively, which did not differ from each other (P
= 0.91). Milk yield likely decreased during the second half of the study because DMI
decreased during that time.
Treatment did not affect FCM yield (P = 0.13); however, WEEK did (P < 0.01).
Fat corrected milk yield was 29.93, 25.81, 22.58, and 24.44 ± 3.95 kg during WEEK 1 to
4, respectively (Figure 2.6). Fat corrected milk yield was greater during WEEK 1 than all
other WEEKS (P < 0.01) and was greater during WEEK 2 than WEEK 3 (P = 0.04).
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During WEEK 4 of the experiment, mean FCM yield increased to levels similar to
WEEK 2 (P = 0.42) and WEEK 3 (P = 0.21).
These milk yield results are similar to studies where researchers fed unprotected
fish oil (Brumby et al., 1972; Cant et al., 1997) or algae (Franklin et al., 1999; Stamey et
al., 2012; Moate et al., 2013) and found no influence of treatment on milk yield. Franklin
et al. (1999) recorded 23.9 and 24.0 kg of milk produced per day on control and algae
supplemented diets, respectively (P > 0.05). Similarly, Stamey et al. (2012) observed
milk yields of 29.1 and 30.9 kg/d for control and algae supplemented cows, respectively
(P = 0.07). Cows on a study by Moate et al. (2013) produced 22.2 kg of milk per d on a
control diet compared to 22.3 kg per day when fed 375 g of algae per day (P = 0.16).
Lactose, Protein, and Fat Percent
Neither treatment nor WEEK affected milk lactose percent (P = 0.33 and 0.13,
respectively). Milk protein percent was affected by WEEK (P < 0.01) but not by
treatment (P = 0.33). Milk contained 3.06%, 3.11%, 3.04%, and 3.32% ± 0.19% protein
during WEEK 1 to 4, respectively (Figure 2.7). Only WEEK 3 and 4 differed from each
other (P < 0.01). Milk protein percent was highest during WEEK 4 of the experiment
likely because of a concentration effect. Cows were producing the least amount of milk
during WEEK 4 indicating the protein was more concentrated in the smaller amount of
milk that was produced.
Treatment and WEEK affected milk fat percent (P = 0.02). Milk contained
4.20%, 3.54%, 2.52%, and 2.52% ± 0.18% fat for treatments 0, 100, 300, and 600,
respectively (Figure 2.8). Milk fat percent was greater for the 0 and 100 treatments than
for the 300 and 600 treatments (P < 0.01). This finding agrees with other research that
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suggests feeding long chain fatty acids to ruminants that are unprotected from
metabolism in the rumen will depress milk fat (Lock and Bauman, 2004).
Polyunsaturated fatty acids undergo biohydrogenation in the rumen by certain bacteria as
a protective mechanism against the toxic effects of PUFA on these bacteria (Piperova et
al., 2000). These bacteria alter the PUFA into trans-fatty acids, which have suppressive
effects on milk fat synthesis (Lock and Bauman, 2004).
Milk contained 3.53%, 2.94%, 3.01%, and 3.30% ± 0.15% fat during WEEK 1 to
4, respectively (Figure 2.9). Milk fat was greater during WEEK 1 of the study than
WEEKS 2 and 3 (P < 0.01 and P = 0.02 respectively) but was not different from WEEK
4 (P = 0.12). The WEEK analysis considered all cows in the study, including those
receiving no algae supplementation. Therefore, the decreases in milk fat observed
because of WEEK were likely associated with THI. Although milk fat is highly affected
by nutritional management, researchers have observed alterations in milk fat because of
high temperatures (Thatcher, 1974; Johnson, 1976). This may have been observed
because heat stress negatively affects the secretory function of the mammary gland
(Silanikove, 1992). When cows experience heat stress, the efficiency of energy
utilization for productive purposes is decreased (McDowell et al., 1976). The cows in
this study were likely under physiological heat stress; therefore, ambient temperature may
be a likely explanation for observed weekly difference in milk fat. In addition, cows
were producing less milk by the end of the study. During WEEK 4, increased milk fat
was likely a result of a concentration effect similar to what was observed for protein
percent.
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DHA Content
Treatment and the interaction of treatment and WEEK affected milk DHA content
(P = 0.03 and P = 0.02, respectively). Milk contained 0 g, 0.39 g, 3.30 g, and 5.18 g ±
0.66 g of total DHA per d for treatments 0, 100, 300, and 600, respectively (Figure 2.10).
Milk DHA content was lower for cows on treatment 0 and 100 compared to cows on
treatment 300 and 600 (P ≤ 0.04). Cows consuming greater amounts of algae were
producing more total DHA in their milk than cows consuming less or no algae.
Figure 2.11 illustrates the interaction of treatment and time with regard to milk
DHA content. Milk DHA content varied throughout the WEEKS of the study for each of
the treatments. Increasing the inclusion level of DHA in the diet did increase milk DHA
especially during the first WEEK of the study. However, even at the highest inclusion
rate of algae, DHA content of milk was very low at only around an average of 5 g/d. The
transfer efficiencies of DHA in this study were 2.44%, 6.88%, and 5.40% for treatments
100, 300, and 600 g, respectively. This agrees with other studies that suggest that DHA
has a relatively low transfer efficiency into milk fat, ranging anywhere from 1.9 to 16.7%
(Offer et al., 1999; Franklin et al., 1999; Chilliard et al., 2001; Shingfield et al., 2003).
More recently, Stamey et al. (2012) reported DHA transfer efficiencies of up to 3.4% in
dairy cows while Toral et al. (2010) measured a DHA transfer efficiency of 1.6 to 2.5%
in sheep. These relatively low reported transfer efficiencies may be a result of partial
biohydrogenation in the rumen (compared to metabolism of DHA post-ruminally), or
partitioning into plasma lipid fractions leading to less substrate available to the mammary
gland (Lock and Bauman, 2004). Plasma lipid profile was not analyzed in the current
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study; therefore, it is not possible to know if the relatively low transfer of DHA from feed
into milk was due to plasma lipid uptake, however it is a possibility.

CONCLUSIONS
The inclusion of algae into a lactating dairy cow ration may naturally incorporate
PUFA, especially DHA into milk. Increasing the amount of algae fed increased the
amount of DHA incorporated into milk; however, the DHA content of milk was still very
low (yet similar to other studies) based on DHA transfer efficiencies. Based on the levels
supplemented in this study and the subsequent transfer efficiencies into milk, an inclusion
rate of 300 g/cow/d may be the most favorable option for this particular product. The
significant milk fat depression and reduction in DMI observed may limit on-farm
application due to the economic consequences to the producer. Further research is
necessary to understand long-term effects of algae supplements on milk fat, DMI, and
palatability on non-heat stressed cows.
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Table 2.1. Basal total mixed ration ingredients and chemical composition as a
percent of dry matter fed to cows supplemented with 0, 100, 300, or 600 g/d of algae
(Schizochytrium sp. Microalgae; SP-1™, Alltech, Inc., Nicholasville, KY) for 28 d.
Item
Ingredient
Corn silage
Alfalfa silage
Alfalfa hay
Whole cottonseed
Grain mix
Fine ground corn
Hominy
Distillers dried grains-crumbles
Cottonseed meal
Soybean meal
Wheat middlings
Soyhull pellets
Limestone
Corn gluten pellets
Mineral mix
Liquid molasses
Salt
Chemical composition (TMR)
Dry matter, %
Crude protein, %
Fat, %
ADF, %
NDF, %
NEL, Mcal/kg

Percent of DM
34.25
12.69
4.89
5.84
42.34
24.70
18.75
15.05
15.00
7.78
5.00
3.75
2.73
2.50
2.50
1.50
0.75
50.26
15.87
5.53
23.42
37.02
0.76
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Table 2.2. Days in milk, parity, and milk yield (kg/d) by block and treatment at the
beginning of an experiment in which cows were supplemented 0, 100, 300, or 600 g/d
of algae (Schizochytrium sp. Microalgae; SP-1™, Alltech, Inc., Nicholasville, KY)
for 28 d.

Block 1
Block 2
Treatment 0
Treatment 100
Treatment 300
Treatment 600

DIM
217.25 ± 15.52
216.50 ± 39.21
189.00 ± 43.84
220.50 ± 28.99
234.00 ± 4.24
224.00 ± 16.97

Parity
2.50 ± 0.58
2.50 ± 1.00
2.50 ± 0.71
2.50 ± 0.71
3.00 ± 1.41
2.00 ± 0.00

41

Milk Yield (kg/d)
35.40 ± 3.66
37.99 ± 5.84
37.29 ± 0.67
33.51 ± 0.67
38.70 ± 10.69
37.29 ± 3.34

Figure 2.1. Temperature humidity index during WEEK 1, 2, 3, and 4 for cows
supplemented with 0, 100, 300, or 600 g/d of Schizochytrium sp. Microalgae (SP1™, Alltech, Inc., Nicholasville, KY) for 28 d.1
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Figure 2.2. Dry matter intake for cows supplemented with 0, 100, 300, or 600 g/d
Schizochytrium sp. Microalgae (SP-1™, Alltech, Inc., Nicholasville, KY) for 28 d.1
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Figure 2.3. Dry matter intake during WEEK 1, 2, 3, and 4 for cows supplemented
with 0, 100, 300, or 600 g/d Schizochytrium sp. Microalgae (SP-1™, Alltech, Inc.,
Nicholasville, KY) for 28 d.1
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Figure 2.4. Dry matter intake interaction of WEEK and treatment during WEEK 1,
2, 3, and 4 for cows supplemented with 0, 100, 300, or 600 grams/d of
Schizochytrium sp. Microalgae (SP-1™, Alltech, Inc., Nicholasville, KY) for 28 d.1
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b

Figure 2.5. Milk yield for cows supplemented with 0, 100, 300, or 600 g/d
Schizochytrium sp. Microalgae (SP-1™, Alltech, Inc., Nicholasville, KY) for 28 d
during WEEK 1, 2, 3, and 4.1
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Figure 2.6. Fat corrected milk yield for cows supplemented with 0, 100, 300, or 600
g/d Schizochytrium sp. Microalgae (SP-1™, Alltech, Inc., Nicholasville, KY) for 28 d
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Figure 2.7. Milk protein percent for cows supplemented with 0, 100, 300, or 600 g/d
Schizochytrium sp. Microalgae (SP-1™, Alltech, Inc., Nicholasville, KY) for 28 d
during WEEK 1, 2, 3, and 4.1
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Figure 2.8. Milk fat percent for cows supplemented with 0, 100, 300, or 600 g/d
Schizochytrium sp. Microalgae (SP-1™, Alltech, Inc., Nicholasville, KY) for 28 d.1
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Figure 2.9. Milk fat percent for cows supplemented with 0, 100, 300, or 600 g/d
Schizochytrium sp. Microalgae (SP-1™, Alltech, Inc., Nicholasville, KY) for 28 d
during WEEK 1, 2, 3, and 4.1
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Figure 2.10. Milk DHA content for cows supplemented with 100, 300, or 600 g/d
Schizochytrium sp. Microalgae (SP-1™, Alltech, Inc., Nicholasville, KY) for 28 d.1
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Figure 2.11. Milk DHA content interaction of WEEK and treatment during WEEK
1, 2, 3, and 4 for cows supplemented with 100, 300, or 600 g/d of Schizochytrium sp.
Microalgae (SP-1™, Alltech, Inc., Nicholasville, KY) for 28 d.
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INTRODUCTION
Subacute ruminal acidosis (SARA) can result from feeding excessive amounts of
rapidly, ruminally, fermentable carbohydrates to ruminant animals (Nocek, 1997). This
disorder has become more prevalent as the energy density of the lactating dairy cow diet
has increased to support greater milk production. Garrett et al. (1997) examined 15 dairy
herds in the US and found the presence of SARA to be 19% among early lactation cows
and 26% among mid-lactation cows.
Alterations in an animal’s normal behavior may indicate impending illness
(Weary et al., 2009). Ruminal pH is affected by the amount of time a cow spends
ruminating; therefore, monitoring rumination behavior may help assess rumen health and
susceptibility to SARA within a herd (Owens et al., 1998; Krause and Oetzel, 2006).
DeVries et al. (2009) reported SARA risk factor cows that were subjected to an acidosis
challenge experienced reduced rumination time compared to low risk cows, suggesting
rumination activity may be an indicator of low rumen pH.
Supplementing cows with a yeast culture (Saccharomyces cerevisiae) has been
shown to increase ruminal pH, increase milk production, decrease lactic acid
concentrations, and alter rumen fermentation (Erasmus et al., 1992; Stella et al., 2007;
Marden et al., 2008; Desnoyers et al., 2009). Specifically, yeast supplementation may
enhance the proliferation of lactate-utilizing bacteria. These bacteria can reduce the flux
of lactate being produced in the rumen under SARA circumstances (Dawson, 1995).
Chaucheyras et al. (1996) performed an in vitro examination of S. cerevisiae and
observed that yeast was able to outcompete S. bovis (lactate-producing bacteria) for
sugar, limiting the amount of lactate produced.
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Additionally, the stimulation of growth of Megasphaera elsdenii and
Selenomonas ruminantium has been observed in the presence of live yeast supplements in
vitro in several studies due to an increased supply of amino acids, peptides, vitamins, and
organic acids that are critical for the growth of these lactate-utilizing bacteria (Nisbet and
Martin, 1991; Rossi et al., 1995; Chaucheyras et al., 1996; Newbold et al., 1998; Rossi et
al., 2004). These specific alterations in rumen bacterial populations may be responsible
for the increases in ruminal pH frequently seen in yeast-supplemented cows.
One of the most important roles of yeast supplementation in the rumen is its
ability to modify actual numbers of bacterial cells (Chaucheyras-Durand et al., 2008).
Newbold et al. (1995, 1996) observed increases in the number of bacteria present in the
rumen of animals fed S. cerevisiae. Chaucheyras-Durand et al. (2008) postulated that as
more bacteria become present in the rumen, the demand for available N increases. If
sufficient N is present in the substrate, the carbon skeletons are diverted toward microbial
protein synthesis as opposed to being fermented to produce VFA. Ultimately, increasing
the rumen bacterial population may be a way of avoiding a large increase in VFA
production and, consequently, lowered ruminal pH. Yeast supplementation in the rumen
can be a key factor for controlling SARA based primarily on the shifting of competitive
advantage for certain populations of bacteria and protozoa in the rumen.
Many alterations and adaptations occur within the rumen during SARA and yeast
supplementation. The objective of this study was to assess the effects of feeding rations
varying in forage to concentrate ratio and live Saccharomyces cerevisiae yeast culture
supplementation on rumen metabolism, rumination behavior, and production parameters.
A secondary objective was to determine if feeding the live yeast culture could mitigate
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negative effects of low rumen pH on rumen metabolism, rumination behavior and
production parameters.

MATERIALS AND METHODS
This experiment was conducted at the University of Kentucky Coldstream Dairy
Research Farm from October 29, 2013 to February 7, 2014. All procedures were
performed with approval of the University of Kentucky Institutional Animal Care and
Use Committee (IACUC protocol number 2012-1039). Four, multiparous, mid-lactation,
Holstein cows were housed in a tie-stall, hoop-structure barn on Dual Chamber Cow
Waterbeds (Advanced Comfort Technology, Reedsburg, WI).
Cows were assigned one of the following treatments: 1) High forage with yeast
(HFY), 80:20 F:C with 10 g/d Yea-Sacc (Alltech Inc., Nicholasville, KY), 2) High forage
(HF), 80:20 F:C with no yeast supplementation, 3) Low forage with yeast (LFY), 40:60
F:C with 10 g/d Yea-Sacc (Alltech Inc., Nicholasville, KY) or 4) Low forage (LF), 40:60
F:C with no yeast supplementation (Table 3.1). The experiment was performed using a
Latin square design with treatments arranged as a 2 × 2 factorial. The first three
treatment periods were conducted over 21 d and the last treatment period was 18 d.
Cows were fed a 7-d transition, washout ration containing no yeast between each
treatment period. Yeast was withheld from all rations during this period and cows were
stepped gradually into the next ration. This was accomplished by offering 1 d of the
previous ration with no yeast, 2 d of a 50:50 blend of the previous ration with the next
ration, 2 d of a 25:75 blend of the previous and new rations, and 2 d of the new ration
before the next official feeding period began and yeast supplementation was resumed.

56

Cows were milked twice daily at 0430 and 1530 and were allowed one hour of
exercise on a grass lot before PM milking. Milk yield was recorded daily using the
AfiMilk system (S.A.E Afikim, Kibbutz Afikim, Israel) and composite milk samples
were collected during six consecutive milkings on the last 3 d of each experimental
period. Samples were sent to the Mid-South Dairy Records DHIA laboratory (Mid-South
Dairy Records, Springfield, MO) to be analyzed for fat, protein, and lactose percentages,
MUN, and SCC. These values were averaged by period and cow for analysis.
Daily THI was calculated using daily weather through Kentucky Climate Data.
The Kentucky Climate Data is calculated through the University of Kentucky College of
Agriculture via a Campbell Scientific Inc. (Logan, UT) 23× data logger, located 5.63
kilometers from the Coldstream Dairy Farm. Temperature humidity index was computed
using the following formula (NOAA and Administration, 1976): THI = temperature (⁰F) [0.55 – (0.55 × relative humidity/100)] × [temperature (⁰F) – 58.8]. This study used
mean daily temperature and mean relative humidity to calculate mean THI.
Feeding and Treatments
Cows were fed 110% ad libitum of their assigned ration twice daily at 0600 and
1530. Each cow was allotted 2 individual white, 21.5 gallon, 18” × 26” × 15”
Rubbermaid Max Box feed tubs per d (Rubbermaid Commercial Products, Inc.,
Winchester, VA) that were weighed using a Toledo 500 lb. scale before and after daily
feeding to determine intake. Rations were mixed every other day using a Knight Reel
Auggie 3060 Horizontal TMR Mixer (Kuhn North America, Inc., Wisconsin). Tubs that
were not fed immediately were covered and stored in a cool, dry location until they were
offered the next day.
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Yeast was fed in 5 g allotments per tub totaling 10 g of yeast supplementation per
day. Each stall was equipped with one poly water bowl (SMB MFG, Wallenstein, ON)
that allowed individual ad libitum water access to each cow. Samples of each of the two
TMR were collected on mixing days and analyzed for dry matter using a 100°F drying
oven. Corn silage, alfalfa silage, alfalfa hay, and individual TMR samples were collected
on the last 2 d of each feeding period, composited by period, and analyzed for dry matter,
ash, crude protein, soluble protein, NDF, ADF, ADL, neutral detergent insoluble nitrogen
(NDIN), acid detergent insoluble nitrogen (ADIN), and starch using wet chemistry (Table
3.1).
Energy corrected milk (ECM; 3.5 % fat and 3.2 % protein) and fat corrected milk
(FCM; 3.5 % fat) were calculated using the following equations:
ECM = (0.327 × milk kg) + (12.95 × fat kg) + (7.65 × protein kg)
FCM = (0.432 × milk kg) + (16.23 × fat kg)
Feed efficiency (FE), ECM feed efficiency (ECMFE), and FCM feed efficiency
(FCMFE) were calculated using the following equations:
FE = milk production (kg) / DMI (kg)
ECMFE = ECM production (kg) / DMI (kg)
FCMFE = FCM production (kg) / DMI (kg)
Measurements
On the last 2 d of each experimental period, blood samples were collected from
the tail vein from each cow before the AM feeding. Plasma was then collected after
centrifugation at 2,800 × g for 20 minutes, frozen at –18°C, and later analyzed for NEFA
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(HR Series NEFA-HR (2); Wako Chemicals, Richmond, VA) and glucose (glucose CII
Test Wako (Wako Pure Chemicals, Osaka, Japan) using the manufacturer’s instructions.
Rumination time was measured using the HR Tag (SCR Engineers Ltd., Israel),
which contains a microphone and microprocessor. Rumination time was summarized
into 2-h time intervals and was averaged by treatment and period for each cow. Ruminal
pH and temperature data were recorded every 15 min using Well Cow (Well Cow, Ltd,
Roslin Bioscience Centre, Scotland) and every 5 min using Kahne Sentinel (Kahne
Animal Health, Ltd, Auckland, New Zealand) rumen pH probes. Rumen pH and
temperature were averaged by period and treatment for each cow.
On the 18th d of periods 1 to 3 and on the 15th d of period 4, rumen contents were
collected from eight locations throughout the rumen of each cow at h 0, 1, 2, 4, 6, 8, 11,
14, 18, and 23 relative to AM feeding. Rumen contents were then strained through 4
layers of cheese cloth to extract fluid, frozen at –18°C, and later analyzed for VFA using
gas chromatography and ammonia concentrations using the phenol-hypochlorite reaction
method (Weatherburn, 1967). Volatile fatty acid and ammonia concentrations were
averaged by treatment and period for each cow.
Statistical Analysis
The MEANS procedure of SAS (Version 9.3 SAS Institute, Inc., Cary, NC) was
used to calculate the mean ruminal pH and temperature, percent of time rumen pH was
below 5.6, DMI, milk yield, rumen fluid VFA and ammonia concentrations, plasma
glucose and NEFA concentrations, rumination time, and milk fat, lactose protein, MUN,
and SCC.
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All data were edited using the UNIVARIATE procedure of SAS (Version 9.3
SAS Institute, Inc., Cary, NC). The 1st, 5th, 95th, and 99th percentiles of data were
examined and removed from the data where appropriate.
The FREQUENCY procedure of SAS (Version 9.3 SAS Institute, Inc., Cary, NC)
was used to calculate the amount of time ruminal pH spent below the threshold of 5.6.
The GLM procedure of SAS (Version 9.3 SAS Institute, Inc., Cary, NC) was used
to evaluate the fixed effects of cow, period, forage level, yeast supplementation and the
interaction of forage × yeast on mean ruminal temperature and pH, percent of time rumen
pH was below 5.6, DMI, mean milk yield, ECM, FCM, rumen fluid VFA and ammonia
concentrations, plasma glucose and NEFA, rumination time, and milk fat, lactose,
protein, MUN, and SCC. Significance was declared at P < 0.05.

RESULTS AND DISCUSSION
Rumen pH and Temperature
Period, cow, forage, yeast, and the interaction of forage × yeast did not influence
mean rumen pH as measured by the Well Cow (Well Cow, Ltd, Roslin Bioscience
Centre, Scotland) rumen pH boluses (P = 0.18, P = 0.23, P = 0.09, P = 0.15, P = 0.57,
respectively). Mean ruminal pH was 6.16, 6.39, 6.43, and 6.53 ± 0.19 for treatments LF,
LFY, HF, and HFY respectively (Table 3.2). Period, cow, forage, yeast, and the
interaction of forage × yeast did not influence mean rumen pH as measured by the Kahne
Sentinel (Kahne Animal Health, Ltd, Auckland, New Zealand) rumen pH boluses (P =
0.17, P = 0.43, P = 1.00, P = 0.23, and P = 0.41, respectively). Mean rumen pH was
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6.31, 6.35, 6.24, and 6.42 ± 0.16 for cows on treatment LF, LFY, HF, and HFY,
respectively (Table 3.2).
The diurnal variation in rumen pH for days 15 to 18 is depicted in Figures 3.1a to
3.1d for the LF, LFY, HF, and HFY treatments, respectively. Mean ruminal pH never
dropped below the 5.6 threshold throughout the day for any of the treatments.
Period, cow, forage, yeast, and the interaction of forage × yeast did not influence
mean ruminal temperature as measured by either device (P > 0.05). Using the Well Cow
boluses, (Well Cow, Ltd, Roslin Bioscience Centre, Scotland), mean ruminal temperature
was 38.77, 39.09, 38.98, and 39.24 ± 0.35 ° C during the LF, LFY, HF, and HFY
treatments, respectively (P = 0.86; Table 3.2). According to the Kahne Sentinel boluses
(Kahne Animal Health, Ltd, Auckland, New Zealand), mean ruminal temperature was
38.32, 38.48, 37.25, and 37.92 ± 1.33 ° C during the LF, LFY, HF, and HFY treatments,
respectively (P = 0.72; Table 3.2). AlZahal et al. (2008; 2009) found a negative
association between ruminal pH and temperature (R = 0.77). However, in the present
study, no association was found between rumen pH and temperature for either device.
Temperature Humidity Index
Mean temperature humidity index throughout the study was 37.61 ± 11.46. Mean
temperature humidity index was 49.03 ± 7.12, 36.69 ± 8.56, 34.69 ± 10.31, and 28.36 ±
9.93 for periods 1 to 4 respectively. Cows become heat stressed at a THI value of 68
(Allen et al., 2015). The mean THI values did not reach the THI value for heat stress;
therefore, the cows on this study did not likely experience heat stress. Similar to hot
ambient conditions, extremely cold weather may also negatively affect dairy cow
performance (MacDonald and Bell, 1958; Young, 1981; Brouček et al., 1991).
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MacDonald and Bell (1958) reported milk production decreases in cows fed ad lib at 4°C, with marked decreases at -12°C. Similarly, Brouček et al. (1991) saw a positive
relationship between minimum temperature and milk yield, such that as the minimum
temperature decreased (especially below -10°C), milk yield also decreased. Cows in this
study were exposed to minimum temperatures that reached -21°C during the month of
January. Cows likely experienced some degree of cold stress during this study.
Dry Matter Intake
Period, forage, and the interaction of forage × yeast influenced mean daily DMI
from days 15 to 18 (P = 0.02, P < 0.01, and P = 0.02, respectively). Cows consumed
15.23 ± 1.40 kg of feed on the low forage diet compared to 19.86 ± 1.40 kg of feed on the
high forage diet (P < 0.01). Cows consumed 17.05, 13.41, 19.44, and 20.29 ± 1.40 kg on
the LF, LFY, HF, and HFY treatments respectively (P = 0.02, Table 3.2). Cows
consumed greater amounts of feed on the HF treatments than on the LF treatments (P <
0.01). When cows were on the LFY treatment, their DMI was lower than all other
treatments (P < 0.01). In a meta-analysis conducted by Desnoyers et al. (2009), scientists
found that yeast supplementation significantly increased DMI in 47 studies; however, in
this study, yeast supplementation in a low forage diet significantly decreased DMI.
Milk Yield
Period and yeast influenced mean milk yield from days 15 to 18 (P = 0.02).
Cows produced 19.30 ± 2.08 kg of milk when supplemented with yeast compared to
22.40 ± 2.08 kg of milk when not supplemented with yeast (P = 0.02). Period and yeast
influenced mean FCM yield (P = 0.02 and P = 0.04, respectively). Cows produced 22.09
and 24.78 ± 2.03 kg FCM when supplemented with yeast and not supplemented with
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yeast, respectively (P = 0.04). Cows produced 24.81, 20.24, 24.76, and 23.95 ± 2.03 kg
of FCM on treatments LF, LFY, HF, and HFY, respectively (P = 0.11; Table 3.3). Period
and yeast influenced mean ECM yield (P = 0.02 and P = 0.04, respectively). Cows
produced 21.84 and 24.53 ± 2.03 kg of ECM when supplemented with yeast and not
supplemented with yeast, respectively (P = 0.04). Cows produced 24.68, 19.94, 24.39,
and 23.75 ± 2.03 kg of ECM on treatments LF, LFY, HF, and HFY, respectively (P =
0.09; Table 3.3). Decreased milk production is not a result usually observed during yeast
supplementation. In a meta-analysis, Desnoyers et al. (2009) reported a significant
increase in milk yield in 59 studies when cows were supplemented with yeast. The
decrease observed in this study could likely be attributed to low DMI for cows
supplemented with yeast and low animal numbers.
Milk Components
Period and cow influenced mean milk fat and protein percentage (P ≤ 0.02). Milk
fat percentages were 3.86, 4.00, 4.02, and 4.00 ± 0.10 % for cows on the LF, LFY, HF,
and HFY treatments, respectively (P = 0.14; Table 3.3). Desnoyers et al. (2009)
examined 57 studies and found a tendency (P ≤ 0.10) for increased milk fat content in
cows supplemented with yeast compared to unsupplemented cows that were not. No
increases in milk fat percentages were seen for cows supplemented with yeast in this
study.
Milk protein percentages were 2.96, 2.88, 2.90, and 2.96 ± 0.06 % for cows in the
LF, LFY, HF, and HFY treatments respectively (P = 0.07; Table 3.3). Holstein dairy
cows in the U.S. on DHI testing produced 3.69 % milk fat and 3.09 % milk protein in
2013 (AIPL-USDA, 2013). The cows on this study produced milk that was higher in fat
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content and lower in protein content than the average Holstein cow in the U.S. The
greater milk fat percentage can likely be attributed to low milk production because less
milk may have caused a concentration effect of milk fat.
Milk lactose percentage and SCC were only influenced by cow (P < 0.01). Mean
milk lactose percentages were 4.64, 4.56, 4.58, and 4.59 ± 0.06 % for cows on the LF,
LFY, HF, and HFY treatments, respectively (P = 0.19; Table 3.3). Mean SCC was
21,670, 22,420, 23,080 and 21,630 ± 5,980 cells/ml for cows in the LF, LFY, HF, and
HFY treatments, respectively (P = 0.72; Table 3.3). Elevated SCC is generally
associated with decreased milk lactose due to decreased synthesis in the mammary gland
(Harmon, 1994). Normally, the lactose content of milk should be approximately 4.9%;
however, milk with a high somatic cell count will coincide with lactose percentages of
around 4.4% (Harmon, 1994). In this study, cows were producing milk with relatively
low levels of lactose; however, the mean SCC was also very low. Similarly, Lehloenya
et al. (2008) saw lactose percentages of 4.63% for control cows and 4.57% in yeast
supplemented cows (P > 0.05) with relatively low SCC of 152,000 and 214,000 cells/ml
for control and yeast supplemented cows, respectively (P > 0.05).
Period and forage level influenced MUN (P = 0.03 and P < 0.01, respectively).
Milk urea nitrogen was 11.94 and 15.33 ± 1.80 mg/dl for cows on the LF and HF diets,
respectively (P < 0.01). Milk urea nitrogen was 11.88, 12.00, 15.04, and 15.63 ± 1.80
mg/dL for cows on the LF, LFY, HF, HFY treatments, respectively (P = 0.81; Table 3.3).
Cows consuming more forage were producing more nitrogen in their milk than those
consuming less forage. Increased levels of MUN observed for cows during the HF diet
may be a consequence of higher dietary protein levels for these cows. Cows on high
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forage diets were receiving greater amounts of alfalfa hay and alfalfa silage, which
contained greater levels of CP, compared to the other components of the TMR (Table
3.1). The increased CP content of the HF diet may have contributed to the greater
amount of MUN produced by these cows.
Feed Efficiency
Feed efficiency was influenced by cow and forage level (P = 0.03 and P < 0.01
respectively). Mean feed efficiency was 1.44 ± 0.11 and 1.16 ± 0.11 for cows during the
LF and HF treatments respectively (P < 0.01). Cows that were consuming the low forage
ration were more efficient at converting their feed into milk. Feeding large quantities of
grain to dairy cows will increase milk production (Huffman, 1961; Kesley and Spahr,
1964). Mean FE was 1.38, 1.50, 1.19, and 1.12 ± 0.11 for cows on the LF, LFY, HF, and
HFY treatments, respectively (P = 0.11; Table 3.3).
Cows in this study were producing milk that was much higher in fat and lower in
protein concentrations than is typically seen in U.S. dairy cows, therefore, the FCM and
ECM feed efficiencies were taken into account. Cow and forage level influenced FCM
feed efficiency (P = 0.04 and P < 0.01, respectively). Cows on the LF ration were more
efficient at converting feed into milk than cows on the HF diet: 1.48 ± 0.11 and 1.24 ±
0.11, respectively (P < 0.01). FCM feed efficiency was 1.45, 1.51, 1.28, and 1.20 ± 0.11
for the LF, LFY, HF, HFY treatments, respectively (P = 0.24; Table 3.3).
Forage level influenced ECM feed efficiency (P < 0.01). Cows were again more
efficient at converting feed into milk on the LF diet compared to the HF diet (1.46 ± 0.10
and 1.22 ± 0.10 respectively). ECM feed efficiency was 1.44, 1.48, 1.26, and 1.19 ± 0.10
for the LF, LFY, HF, and HFY treatments, respectively (P = 0.31, Table 3.3). These
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results were not surprising since higher energy, lower forage diets are known to increase
milk production compared to lower energy, and higher forage diets. This concept could
be based on chemostatic vs. distention control factors.
Schingoethe et al. (2004) observed a significantly increased energy corrected and
FCM feed efficiency in cows fed yeast compared to control cows (P = 0.04). Similarly,
Moallem et al. (2009) reported a significantly increased FCM feed efficiency in cows fed
a yeast supplement compared to control cows (P = 0.03). These two experiments were
performed in the summer when yeast has been shown to improve feed efficiency under
heat stress conditions (Schingoethe et al., 2004; Moallem et al., 2009). The differences
observed between this study and past literature could be attributable to differences in
ambient conditions. Cows in this study were supplemented with yeast during the winter
months during likely bouts of cold stress, whereas the reported studies were conducted in
the summer months.
Rumination Activity
Cow, forage, yeast, and the interaction of forage × yeast influenced mean daily
rumination time (P ≤ 0.01). Cows ruminated 382.98 and 454.42 ± 21.93 minutes per day
on the LF and HF diets, respectively. Rumination time was greater for cows on the HF
diet (P < 0.01). Beauchemin et al. (2003) reported cows that consumed increased
physically effective NDF ruminated significantly longer than cows consuming shorter
particles (P = 0.04). In the present study, cows on the HF diet were consuming greater
quantities of forage than those on the LF diet. Increased rumination time observed in this
study for cows consuming a high forage ration is consistent with the literature.

66

Cows ruminated 399.30 and 438.11 ± 21.93 min/d when supplemented with yeast
compared to no yeast supplementation, respectively (P = 0.01). Cows ruminated 442.88,
323.09, 433.34, and 475.50 ± 21.93 min/d when on the LF, LFY, HF, and HFY
treatments, respectively (Table 3.2). Mean daily rumination time was reduced during the
LFY treatment compared to all other treatments (P < 0.01). The decreased mean daily
rumination time was likely a result of decreased DMI for cows on this treatment. Live
yeast supplementation may increase a cow’s potential to digest fiber in the rumen
(DeVries and Chevaux, 2014). DeVries and Chevaux (2014) reported a tendency for
increased rumination time (25.4 min/d) in cows supplemented with yeast compared to
control cows (P = 0.08). In this study, the opposite result was observed.
Plasma
Period, cow, forage, yeast, and the interaction of forage × yeast did not influence
plasma glucose or NEFA concentrations (P > 0.05). Mean plasma glucose concentrations
were 58.24, 52.72, 56.31, and 57.22 ± 4.73 mg/dl for treatments LF, LFY, HF, and HFY,
respectively (P = 0.22; Table 3.3). Normal plasma glucose concentrations range from 45
to 75 mg/dL (Radostitis et al., 2000). Plasma glucose concentrations in this study did not
deviate from normal levels indicating there was likely no change in plasma biochemical
metabolism.
Mean plasma NEFA concentrations were 0.42, 0.55, 0.51, and 0.60 ± 0.16
mEq/L for treatments LF, LFY, HF, and HFY respectively (P = 0.79; Table 3.3). Normal
plasma NEFA concentrations range from 0.03 to 0.46 mEq/L (Anderson and Rings,
2009). Plasma NEFA values in this study ranged above normal levels, indicating some
level of negative energy balance. This observation, in conjunction with low DMI
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throughout the study, confirms abnormal feed intake and metabolic patterns for these
cows.
Rumen Fluid VFA and Ammonia
Period, cow, forage, yeast, and the interaction of forage × yeast did not influence
mean valerate, isovalerate, and isobutyrate percentages (P > 0.05). Period and cow
influenced mean acetate and butyrate percentages (P < 0.05). Mean acetate proportions
were 63.07, 62.51, 64.11, and 62.92 ± 1.30 % of all 6 measured VFA for treatments LF,
LFY, HF, and HFY respectively (P = 0.65; Table 3.2). Mean butyrate proportions were
11.91, 12.28, 11.67, and 12.04 ± 0.94 % for treatments LF, LFY, HF, and HFY
respectively (P = 0.99; Table 3.2). Only period influenced mean propionate percentage
(P = 0.04). Mean propionate proportions were 20.38, 20.77, 19.20, and 20.05 ± 0.83 %
for treatments LF, LFY, HF, and HFY respectively (P = 0.60; Table 3.2).
Treatment (forage × yeast interaction) did not influence the concentration of any
of the VFA measured in this study. Typically there is a buildup of VFA in the rumen
during periods of SARA (Krause and Oetzel, 2006; Plazier et al., 2008). However, based
on the rumen pH results, SARA was not positively confirmed for any treatment during
any period of the study. Therefore, it is not surprising that VFA proportions were not
affected by treatment in this study.
Rumen fluid ammonia concentration was only influenced by cow (P = 0.01).
Rumen fluid contained 7.29, 7.85, 7.65, and 5.99 ± 1.23 mmol/L of ammonia for the LF,
LFY, HF, and HFY treatments, respectively (Table 3.2). Shen et al. (2012) reported
rumen fluid ammonia concentrations ranging from 3.10 to 5.07 based on sampling
location and method. Rumen fluid ammonia concentrations in the present study were
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slightly higher than these values. Coupled with the greater amounts of MUN produced
by cows on the HF diet, these results indicate greater rumen fermentation of substrate to
ammonia. This could indicate some level of nitrogen conversion inefficiency in these
cows.
CONCLUSIONS
Subacute ruminal acidosis is a serious issue for modern, high-producing dairy
cattle. Supplementing cows with a live yeast culture has been shown to mitigate the
negative effects of SARA by altering rumen fermentation and positively influencing DMI
and milk production. However, no improvements on any parameters measured in this
study were observed for cows supplemented with yeast. Dry matter intake and
rumination time were negatively influenced by yeast supplementation for cows on a low
forage diet, with no improvements in feed efficiency. These results do not agree with
similar studies, however ruminal pH was not different between treatments and SARA
was not confirmed for any treatment. No treatment differences in rumen production
parameters, plasma glucose and NEFA, feed efficiency, and milk production suggest
some level of adaptation to low forage diets, which may be due in part to yeast
supplementation. Further research is necessary to understand the specific mechanisms
involved in the impact of Yea-Sacc (Alltech Inc., Nicholasville, KY) on diets that may
consist of lower forage and higher grain contents than the conservative LF diet in the
current study and how these mechanisms further impact production parameters.
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Table 3.1. Chemical composition of low forage and high forage TMR, corn silage,
alfalfa silage, and alfalfa hay during four experimental periods of a Yea-Sacc
(Alltech Inc., Nicholasville, KY) supplementation study.
Item

DM, % as
fed

Ash, % of
DM
Crude
protein, %
of DM
Soluble
protein, %
of CP
NDF, % of
DM

ADF, % of
DM

ADL, % of
DM

Starch, % of
DM

ADIN, % of
DM

NDIN, % of
DM

Experimental
period
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4

Low forage
TMR
50.63
54.08
56.57
54.58
5.75
5.83
6.01
6.00
15.37
16.71
16.35
16.44
38.69
38.57
39.43
40.16
32.72
31.79
31.63
32.34
18.01
18.62
18.83
19.12
6.83
7.84
7.83
6.89
31.02
29.67
27.36
31.53
2.18
2.64
2.65
2.69
5.57
5.69
5.62
5.90

High
forage
TMR
59.60
57.08
55.16
58.60
7.87
7.62
7.67
7.11
17.73
17.44
18.25
18.30
34.13
35.64
35.52
33.34
34.04
34.35
35.12
36.15
22.56
22.33
22.93
23.61
8.64
7.81
8.49
7.21
25.35
24.06
21.86
25.91
4.68
4.63
4.44
4.69
9.33
9.82
10.05
9.41

1

Period 1 nutrient analysis (Oct. 29 to Nov. 18, 2013)

2

Period 2 nutrient analysis (Nov. 26 to Dec. 16, 2013)

3

Period 3 nutrient analysis (Dec. 24 2013 to Jan. 13, 2014)

4

Period 4 nutrient analysis (Jan. 21 to Feb. 7, 2014)
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Corn
silage
33.34
34.31
38.58
34.92
5.83
5.25
5.00
5.82
7.78
7.69
7.87
8.00
45.83
45.22
46.68
46.77
32.63
31.34
32.48
32.83
20.58
20.67
19.53
20.83
4.93
4.96
4.46
4.68
33.77
31.40
31.47
31.07
2.92
3.21
3.22
3.41
6.43
6.33
6.19
6.80

Alfalfa
silage
37.05
31.45
34.74
38.77
7.24
7.31
7.37
7.20
24.05
23.09
24.37
24.06
63.73
64.16
65.63
66.62
45.15
45.02
45.14
47.55
37.13
38.14
38.63
37.71
6.68
5.84
6.44
6.61
1.47
1.34
1.91
1.74
6.51
6.00
5.96
6.08
13.21
13.08
13.06
13.24

Alfalfa hay
91.33
89.63
85.23
86.03
9.43
8.68
8.61
8.10
17.43
16.50
17.62
16.48
78.04
77.93
78.80
77.99
67.30
62.19
63.11
62.27
40.19
40.75
40.32
40.04
8.43
8.63
7.90
8.14
0.75
0.80
0.81
0.73
7.89
7.27
8.01
8.26
12.98
12.88
13.07
12.79

Table 3.2. Effects of yeast culture supplementation (Yea-Sacc, Alltech Inc., Nicholasville, KY) on dry matter intake, ruminal
pH, rumination time, and rumen fermentation (VFA and ammonia concentrations).
Treatment
LF1

LFY2

Item
Dry matter intake, kg
17.05a
13.41b
5
Well Cow mean pH
6.16
6.39
6
Kahne mean pH
6.31
6.35
Well Cow5 rumen temperature, °C
38.77
39.09
6
Kahne rumen temperature, °C
38.32
38.48
Rumination time, min/d
442.88a
323.09b
% Acetate
63.07
62.51
% Butyrate
11.91
12.28
% Propionate
20.38
20.77
% Valerate
1.70
1.75
% Isovalerate
2.05
1.74
% Isobutyrate
0.89
0.95
Rumen fluid ammonia, mmol/L
7.29
7.85
a,b,c
Pairs with different letters are significantly different (P < 0.05)

HF3

HFY4

SEM

P-value

19.44a
6.43
6.24
38.98
37.25
433.34a
64.11
11.67
19.20
1.76
2.18
1.08
7.65

20.29a
6.53
6.42
39.24
37.92
475.50a
62.92
12.04
20.05
1.85
2.01
1.13
5.99

1.40
0.20
0.16
0.35
1.33
21.93
1.30
0.94
0.83
0.14
0.34
0.16
1.23

0.02
0.57
0.41
0.86
0.72
< 0.01
0.65
0.99
0.60
0.78
0.67
0.91
0.12

1

Low forage ration (40:60 forage to concentrate ratio)

2

Low forage ration with 10 g/d Yea-Sacc (Alltech Inc., Nicholasville, KY)

3

High forage ration (80:20 forage to concentrate ratio)

4

High forage with 10 g/d Yea-Sacc (Alltech Inc., Nicholasville, KY)f

5

Well Cow, Ltd, Roslin Bioscience Centre, Scotland

6

Kahne Animal Health, Ltd, Auckland, New Zealand
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Table 3.3. Effects of yeast culture supplementation (Yea-Sacc, Alltech Inc., Nicholasville, KY) on milk production and
components, feed efficiency, and plasma glucose and NEFA.
Treatment
LF1

LFY2

Item
Milk yield, kg
22.51
17.29
FCM yield, kg
24.81
20.24
ECM yield, kg
24.68
19.94
Milk fat %
3.86
4.00
Milk protein %
2.96
2.88
Milk lactose %
4.64
4.56
Milk urea nitrogen, mg/dL
11.88
12.00
SCC, cells/mL
21,670
22,420
Feed efficiency
1.38
1.50
ECM feed efficiency
1.44
1.48
FCM feed efficiency
1.45
1.51
Plasma glucose, mg/dL
58.24
52.72
Plasma NEFA, mEq/L
0.42
0.55
a,b,c
Pairs with different letters are significantly different (P < 0.05)

HF3

HFY4

SEM

P-value

22.29
24.76
24.39
4.02
2.90
4.58
15.04
23,080
1.19
1.26
1.28
56.31
0.51

21.31
23.95
23.75
4.00
2.96
4.59
15.63
21,630
1.12
1.19
1.20
57.22
0.60

2.08
2.03
2.03
0.10
0.06
0.06
1.80
5,980
0.11
0.10
0.11
4.73
0.16

0.09
0.11
0.09
0.14
0.07
0.19
0.81
0.72
0.12
0.31
0.24
0.22
0.79

1

Low forage ration (40:60 forage to concentrate ratio)

2

Low forage ration with 10 g/d Yea-Sacc (Alltech Inc., Nicholasville, KY)

3

High forage ration (80:20 forage to concentrate ratio)

4

High forage with 10 g/d Yea-Sacc (Alltech Inc., Nicholasville, KY)
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Figure 3.1. Mean diurnal ruminal pH variation from days 15 to 18 by treatment using Well Cow1 and Kahne2 rumen pH boluses; LF,
LFY, HF, HFY a to d, respectively.
b)

Rumen pH
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a) Mean diurnal ruminal pH variation (days 15 to 18) for cows on a low forage ration (40:60 forage to concentrate ratio); b) Low forage ration (40:60 forage to
concentrate ratio) supplemented with 10 g/d Yea-Sacc (Alltech Inc., Nicholasville, KY); c) High forage ration (80:20 forage to concentrate ratio); d) High forage
ration (80:20 forage to concentrate ratio) supplemented with 10 g/d Yea-Sacc.
1

Well Cow, Ltd, Roslin Bioscience Centre, Scotland

2

Kahne Animal Health, Ltd, Auckland, New Zealand

3

Cows were fed at 0600 and 1530

74

REFERENCES
Al Jassim, R. A. M. and J. B. Rowe. 1999. Better understanding of acidosis and its control. Rec.
Adv. Anim. Nutr. Aust. 12:91–97.
Albright, J.L. 1993. Feeding behavior of dairy cattle. J. Dairy Sci. 76: 485–498
AlZahal, O., E. Kebreab, J. France, M. Froetschel, and B. W. McBride. 2008. Ruminal
temperature may aid in the detection of subacute ruminal acidosis. J. Dairy Sci.
91(1):202-207.
AlZahal O., Steele M. A., Valdes E. V., and McBride B. W. 2009. Technical note: The
use of a telemetric system to continuously monitor ruminal temperature and to
predict ruminal pH in cattle. J. Dairy Sci. 92:5697-5701.
Allen, M.S., 1997. Relationship between fermentation acid production in the rumen and
the requirement for physically effective fiber. J. Dairy Sci. 80:1447–1462.
Andersen, J. B., J. Sehested, and K. L. Ingvartsen. 1999. Effect of dry cow feeding
strategy on rumen pH, concentration of volatile fatty acids, and rumen epithelium
development. Acta Agric. Scand. Sect. A Animal Sci.49:149–155.
Anderson, D. E., and D. M. Rings. 2009. Ruminant field anesthesia. Page 556 in Current
Veterinary Therapy Food Animal Practice 5. Saunders Elsevier, St. Louis, MO.
Argenzio, R. A., C. K. Henrikson, and J. A. Liacos. 1988. Restitution of barrier and
transport function of porcine colon after acute mucosal injury. Am. J. Physiol.
255:G62.
Baldwin, R. L. 1999. The proliferative actions of insulin, insulin-like growth factor-I, epidermal
growth factor, butyrate and propionate on ruminal epithelial cells in vitro. Small Rumin.

75

Res. 32(3):261-268.
Bauman, D. E., and J. M. Griinari. 2003. Nutritional regulation of milk fat synthesis. Annu. Rev.
Nutr. 23:203-227.
Beauchemin, K.A., W. Z. Yang, and L. M. Rode. 2003. Effects of particle size of alfalfa
based dairy cow diets on chewing activity, ruminal fermentation, and milk
production. J. Dairy Sci. 86:630–643.
Bergsten, C. 1994. Haemorrhages of the sole horn of dairy cows as a retrospective
indicator of laminitis: an epidemiological study. Acta. Vet. Scand. 35:55–66.
Block, E., and W. K. Sanchez. 2000. Is it important to adjust the dietary cation-anion
difference for lactating dairy cows? Pages 27–39 in Proc. Tri-State Dairy Nutr.
Conf., Fort Wayne, IN. Ohio State Univ., Columbus.
Boeckaert, C., B. Vlaeminck, J. Dijkstra, A. Issa-Zacharia, T. Van Nespen, W. Van Straalen, and
V. Fievez. 2008. Effect of dietary starch or micro algae supplementation on rumen
fermentation and milk fatty acid composition of dairy cows. J. Dairy Sci. 91(12):47144727.
Bonhomme, A. 1990. Rumen ciliates: Their metabolism and relationships with bacteria
and their hosts. Anim. Feed Sci. Technol. 30:203-266.
Brossard L., C. Martin, F. Chaucheyras-Durand, and B. Michalet-Doreau. 2004. Protozoa
involved in butyric rather than lactic fermentative pattern during latent acidosis in
sheep. Reprod. Nutr. Dev. 44:195–206.
Brouček, J., M. Letkovičová, and K. Kovalčuj. 1991. Estimation of cold stress effect on dairy
cows. Int. J. Biometeorol. 35(1):29-32.

76

Brumby, P. E., J. E. Storry, and J. D. Sutton.1972. Metabolism of cod-liver oil in relation
to milk fat secretion. J. Dairy Res. 39:167–182.
Cant, J. P., A. H. Fredeen, T. MacIntyre,, J. Gunn, and N. Crowe. 1997. Effect of fish oil
and monensin on milk composition in dairy cows. Can. J. Anim. Sci. 77:125–131.
Chaucheyras, F., G. Fonty, G. Bertin, J. M. Salmon, and P. Gouet. 1996. Effects of a strain of
Saccharomyces cerevisiae (Levucell SC1), a microbial additive for ruminants, on lactate
metabolism in vitro. Can. J. Microbiol. 42(9):927-933.
Chaucheyras-Durand, F., N. D. Walker, and A. Bach. 2008. Effects of active dry yeasts on the
rumen microbial ecosystem: Past, present and future. Anim. Feed Sci. and Tech. 145(1–
4):5-26.
Chi, D., M. Nakano, and K. Yamamoto. 2004. Milk and milk products consumption in
relationship to serum lipid levels: a community-based study of middle-aged and older
population in Japan. Cent. Euro. J. Pub. Health 12(2):84-87.
Chilliard, Y., A. Ferlay, and M. Doreau. 2001. Effect of different types of forages,
animal fat or marine oils in cow’s diet on milk fat secretion and composition,
especially conjugated linoleic acid (CLA) and polyunsaturated fatty acids. Livest.
Prod. Sci. 70:31–48.
Connor, W. E. 2000. Importance of n-3 fatty acids in heath and disease. Am. J. Clin. Nutr. 71
(Suppl.) 171S-175S.
Cooper, R.J., T. J. Klopfenstein, R. A. Stock, C. A. Hilton, D. W. Herold, and J. C.
Parrott. 1999. Effects of imposed feed intake variation on acidosis and
performance of finishing steers. J. Anim. Sci. 77:1093–1099.

77

Counotte, G. H. M., and R. A. Prins. 1981. Regulation of lactate metabolism in the
rumen. Vet. Res. Commun. 5:101–115.
Covington, M. B. 2004. Omega-3 fatty acids. Am. Fam. Physician 70(1):133-140.
Dawson, K. A. 1995. The use of yeast strain 8417 in manipulating ruminant high
concentrate diets. Pages 25-36 in Proc. 56th Minnesota Nutrition Conference &
Alltech, Inc. Technical Symposium, St. Paul, MN
Desnoyers, M., S. Giger-Reverdin, G. Bertin, C. Duvaux-Ponter, and D. Sauvant. 2009. Metaanalysis of the influence of Saccharomyces cerevisiae supplementation on ruminal
parameters and milk production of ruminants. J. Dairy Sci. 92(4):1620-1632.
DeVries, T. J., K. A. Beauchemin, F. Dohme, and K. S. Schwartzkopf-Genswein. 2009.
Repeated ruminal acidosis challenges in lactating dairy cows at high and low risk for
developing acidosis: feeding, ruminating, and lying behavior. J. Dairy Sci. 92(10):50675078.
DeVries, T. J. and E. Chevaux. 2014. Modification of the feeding behavior of dairy cows
through live yeast supplementation. J. Dairy Sci. 97(10):6499-6510.
Dirksen, G.U., H.G. Liebich, and E. Mayer. 1985. Adaptive changes of the ruminal
mucosa and their functional and clinical significance. Bov. Pract. 20:116.
Doreau, M., and Y, Chilliard. 1997. Effects of ruminal or postruminal fish oil
supplementation on intake and digestion in dairy cows. Reprod. Nutr. Dev.
37:113–124.
Duffield, T., J. C. Plaizier, R. Bagg, G. Vessie, P. Dick, J. Wilson, J. Aramini, and
B. W. McBride, 2004. Comparison of techniques for measurement of rumen pH
in lactating dairy cows. J. Dairy Sci. 87:59–66.

78

Elwood, P. C., J. E. Pickering, D. I. Givens, J. E. Gallacher. 2010. The consumption of milk and
dairy foods and the incidence of vascular disease and diabetes: an overview of the
evidence. Lipids 45:925-939.
Erasmus, L. J., P. M. Botha, and A. Kistner. 1992. Effect of yeast culture supplement on
production, rumen fermentation, and duodenal nitrogen flow in dairy cows. J. Dairy Sci.
75(11):3056-3065.
Franklin, S. T., K. R. Martin, R. J. Baer, D. J. Schingoethe, and A. R. Hippen. 1999. Dietary
marine algae (Schizochytrium sp.) increases concentrations of conjugated linoleic,
docosahexaenoic and transvaccenic acids in milk of dairy cows. J. Nut. 129(11):20482054.
Garrett, E. F.,1996. Subacute rumen acidosis. Large Anim. Vet. X, 6–10.
Garrett, E.F., Nordlund, K.V., Goodger, W.J., and Oetzel, G.R. 1997. A cross-sectional
field study investigating the effect of periparturient dietary management on
ruminal pH in early lactation dairy cows. J. Dairy Sci. 80:169 (Abstr.)
Garrett, E.F., Pereira, M.N., Nordlund, K.V., Armentano, L.E., Goodger, W.J., Oetzel,
G.R., 1999. Diagnostic methods for the detection of subacute ruminal acidosis in
dairy cows. J. Dairy Sci. 82:1170–1178.
Garry, F.B., 2002. Indigestion in ruminants. In: Smith, B.P. (Ed.), Large Animal Internal
Medicine, Mosby-Year Book. Mosby, St. Louis, Missouri, pp. 722–747.
Goad, D. W., C. L. Goad, and T. G. Nagaraja, 1998. Ruminal microbial and fermentative
changes associated with experimentally induced subacute acidosis in steers. J.
Anim. Sci. 76:234–241.
Goodlad, R. A. 1981. Some effects of diet on the mitotic index and the cell cycle of the ruminal

79

epithelium of sheep. Q. J. Exp. Physiol. 66(4):487-499.
Gozho, G.N., J. C. Plaizier, D. O. Krause, A. D. Kennedy, and K. M. Wittenberg. 2005.
Subacute ruminal acidosis induces ruminal lipopolysaccharide release and triggers
an inflammatory response. J. Dairy Sci. 88:1399–1403.
Grant, R.J., V. F. Colenbrander, D. R. and Mertens. 1990. Milk fat depression in dairy
cows: Role of silage particle size. J. Dairy Sci. 73:1834–1842.
Hall, M. B. 2002. Rumen acidosis: carbohydrate feeding considerations. Pages 51–61 in
Proc. 12th Int. Symp. Lameness in Ruminants. J. K. Shearer, ed. Orlando, FL.
Harfoot, C. G., and G. P. Hazlewood. 1997. Lipid metabolism in the rumen. The Rumen
Microbial Ecosystem, 2nd edn. (Hobson, P.N. and Stewart, D.S., eds.), pp 382426, Chapman & Hall, London.
Harmon, R. J. 1994. Physiology of mastitis and factors affecting somatic cell counts. J. Dairy
Sci. 77(7):2103-2112.
Haug, A., A. T. Hostmark, and O. M. Harstad. 2007. Bovine milk in human nutrition–a
review. Lipids Health Dis. 6(1):25
Hoeben, D., C. Burvenich, E. Trevisi, G. Bertoni, J. Hamann, R. Buckmaier, and J. W.
Blum. 2000. Role of endotoxins and TNF-alpha in the pathogenesis of
experimentally induced coliform mastitis in periparturient cows. J. Dairy Res.
67:503–514.
Holter, J.B., J. W. West, and M. L. McGilliard. 1997. Predicting ad libitum dry matter
intake and yield of Holstein cows. J. Dairy Sci. 80:2188–2199.

80

Hoover, W.H. and T.K. Miller. 1995. Optimizing carbohydrate fermentation in the
rumen. Proc. 6th Annual Florida Ruminant Nutrition Symposium, Gainesville,
FL. pp. 89-107.
Horrocks, L. A. and Y. K. Yeo. 1999. Health benefits of docosahexaenoic acid (DHA).
Pharm. Res. 40(3):211-225.
Huffman, C. F. 1961. High-level Grain Feeding for Dairy Cows. J. Dairy Sci.
44(11):2113-2122.
Huth, P. J. and K. M. Park. 2012. Influence of dairy product and milk fat consumption
on cardiovascular disease risk: A review of the evidence. Advances in
Nutrition: Int. Rev. J. 3(3):266-285.
Ivany J. M., D. M. Rings, and D. E. Anderson. 2002. Reticuloruminal disturbances in the
bovine. Bov. Pract. 36:56–64
Jenkins, T. C. 2010. Technical note: common analytical errors yielding inaccurate results
during analysis of fatty acids in feed and digesta samples. J. Dairy Sci.
93(3):1170-1174.
Johnson, H. D., and W.J Vanjonack. 1976. Effects of environmental and other stressors
on blood hormone patterns in lactating animals. J. Dairy Sci., 59:1603–1617
Kelly, E. F., and J. D. Leaver, 1990. Lameness in dairy cattle and the type of concentrate
given. Anim. Prod. 51:221–227.
Kennelly, J. J., B. Robinson, and G. R. Khorasani, 1999. Influence of carbohydrate
source and buffer on rumen fermentation characteristics, milk yield and milk
composition in early lactation Holstein cows. J. Dairy Sci. 82, 2486–2496.
Kesler, E. M. and S. L. Spahr. Physiological effects of high level concentrate feeding. J. Dairy

81

Sci. 47(10):1122-1128.
Keunen, J.E., J. C. Plaizier, I. Kyriazakis, T. F. Duffield, T. M. Widowski, M. I.
Lindinger, and B. W. McBride. 2002. Effects of a subacute ruminal acidosis
model on the diet selection of dairy cows. J. Dairy Sci. 85:3304–3313.
Khafipour, E., D. O. Krause, and J. C. Plaizier. 2009. Alfalfa pellet-induced subacute ruminal
acidosis in dairy cows increases bacterial endotoxin in the rumen without causing
inflammation. J. Dairy Sci. 92(4):1712-1724.
Khorasani, G. R., and J. J. Kennelly, 2001. Influence of carbohydrate source and buffer
on rumen fermentation characteristics, milk yield, and milk composition in latelactate Holstein cows. J. Dairy Sci. 84:1707–1716.
Kleen, J. L., G. A. Hooijer, J. Rehage, and J. P. T. M. Noordhuizen. 2003. Subacute Ruminal
Acidosis (SARA): a Review. J. Vet. Med. 50(8):406-414.
Kononoff, P.J., A. J. Heinrichs, H. A. and Lehman. 2003. The effect of corn silage particle size
on eating behavior, chewing activities, and rumen fermentation in lactating dairy cows. J.
Dairy Sci. 86: 3343–3353.
Krajcarski-Hunt, H., J. C. Plaizir, J. P. Walton, R. Spratt, and B. W. McBride. 2002.
Effect of subacute ruminal acidosis on in situ fiber digestion in lactating dairy
cows. J. Dairy Sci. 85:570–573.
Krause, K. M. and G. R. Oetzel. 2006. Understanding and preventing subacute ruminal acidosis
in dairy herds: A review. Anim. Feed Sci. Tech. 126(3–4):215-236.
Larsson, S. C., M. Kumlin, M. Ingelman-Sundberg, and A. Wolk. 2004. Dietary longchain n-3 fatty acids for the prevention of cancer: a review of potential
mechanisms. Am. J. Clin. Nutr. 79:935-945.

82

Lehloenya, K. V., D. R. Stein, D. T. Allen, G. E. Selk, D. A. Jones, M. M. Aleman, T. G.
Rehberger, K. J. Mertz, and L. J. Spicer. 2008. Effects of feeding yeast and
propionibacteria to dairy cows on milk yield and components, and reproduction. J. Anim.
Phys. and Anim. Nut. 92(2):190-202.
Leonardi, C. and L. E. Armentano. 2003. Effect of quantity, quality and length of alfalfa hay on
selective consumption by dairy cows. J. Dairy Sci. 86:557–564.
Lescoat , P., D. Ali-Haimoud – Lekhal, and C. Bayourthe. 2000. Effects of
Saccharomyces cerevisiae and Aspergillus oryzae on digestion and rumen
function: Literature Review. In 7th Encounters around research on Ruminants.
Paris, France. 199.
Lock, A. and D. Bauman. 2004. Modifying milk fat composition of dairy cows to
enhance fatty acids beneficial to human health. Lipids 39(12):1197-1206.
MacDonald, M. A. and J. M. Bell. 1958. Effects of low fluctuating temperatures on farm
animals: I. Influence of ambient air temperature on the respiration rate, heart rate, and
rectal temperature of lactating Holstein-Friesian cows. Can. J. Anim. Sci. 38(1):10-22.
Mackie, R.I., Gilchrist, F.M.C. 1979. Changes in lactate-producing and lactate-utilising
bacteria in relation to pH hydrogen-ion concentration in the rumen of sheep
during stepwise adaptation to a high-concentrate diet. Appl. Environ. Microbiol.
67:422–430.
Marden, J. P., C. Julien, V. Monteils, E. Auclair, R. Moncoulon, and C. Bayourthe. How does
live yeast differ from sodium bicarbonate to stabilize ruminal pH in high-yielding dairy
cows? J. Dairy Sci. 91(9):3528-3535.

83

McDowell, R. E., N.W Hooven, J.K Camoens. 1976. Effects of climate on performance
of Holsteins in first lactation. J. Dairy Sci., 59:965–973.
Mensink, R. P., P. L. Zock, A. D. Kester, and M. B. Katan. 2003. Effects of dietary fatty
acids and carbohydrates on the ratio of serum total to HDL cholesterol and on
serum lipids and apolipoproteins: a meta-analysis of 60 controlled trials. Am. J.
Clin. Nut. 77(5):1146-1155.
Mertens, D.R., 1994. Regulation of forage intake. In: Fahey Jr., G.C., Collins, M.,
Mertens, D.R., Moser, L.E. (Eds.), Forage quality, evaluation, and utilisation.
Am. Soc. Agron., Crop Sci. Soc. Am., Soil Sci. Soc. Am., Madison, Wisconsin,
pp. 450–493.
Mertens, D.R., 1997. Creating a system for meeting the fiber requirements of dairy cows.
J. Dairy Sci. 80:1463–1481.
Milton, T. 1998. Feed bunk and feed ingredient management: Perspectives from the beef
feedlot industry. In: Proc. Dairy Feeding Systems Mgmt., Components, and Nutr.
Conf. Camp Hill, PA. NRAES-116:222-229. Nat. Res., Ag., and Eng. Serv.,
Coop. Ext., Ithaca, NY.
Moallem, U., H. Lehrer, L. Livshitz, M. Zachut, and S. Yakoby. 2009. The effects of live
yeast supplementation to dairy cows during the hot season on production, feed
efficiency, and digestibility. J. Dairy Sci. 92(1):343-351.
Moate, P. J., S. R. Williams, M. C. Hannah, R. J. Eckard, M. J. Auldist, B. E. Ribaux, J. L.
Jacobs, and W. J. Wales. 2013. Effects of feeding algal meal high in docosahexaenoic
acid on feed intake, milk production, and methane emissions in dairy cows. J. Dairy Sci.
96(5):3177-3188.

84

Murphy, M., M. Akerlind, and K. Holtenius, 2000. Rumen fermentation in lactating cows
selected for milk fat content fed two forage to concentrate ratios with hay or
silage. J. Dairy Sci. 83:756–764.
National Research Council. 2001. Nutrient Requirements of Dairy Cattle. Natl. Acad.
Sci., Washington, DC.
Newbold, C. J., F. M. McIntosh, and R. J. Wallace. 1998. Changes in the microbial population of
a rumen-simulating fermenter in response to yeast culture. Can. J. Anim. Sci. 78(2):241244.
Newbold, C. J., R. J. Wallace, X. B. Chen, and F. M. McIntosh. 1995. Different strains of
Saccharomyces cerevisiae differ in their effects on ruminal bacterial numbers in vitro and
in sheep. J Anim Sci 73(6):1811-1818.
Newbold, C. J., R. J. Wallace, and F. M. McIntosh. 1996. Mode of action of the yeast
Saccharomyces cerevisiae as a feed additive for ruminants. Br. J. Nutr. 76(2):249-261.
Nisbet, D. J. and S. A. Martin. 1991. Effect of a Saccharomyces cerevisiae culture on lactate
utilization by the ruminal bacterium Selenomonas ruminantium. J. Anim. Sci.
69(11):4628-4633.
NOAA and N. O. A. A. Administration. 1976. Livestock hot weather stress. Pages C3176 in Proc. US Dept. Commerce, Natl. Weather Serv. Central Reg. Operations
Manual Lett. Natl. Oceanic Atmospheric Admin., Kansas City, MO.
Nocek, J.E., 1997. Bovine acidosis: implications on laminitis. J. Dairy Sci. 80:1005–
1028.

85

Nocek, J.E., and S. Tamminga. 1991. Site of digestion of starch in the gastrointestinal
tract of dairy cows and its effect on milk yield and composition. J. Dairy Sci.
74:3598-3629.
Nordlund, K. V., E. F. Garrett, and G. R. Oetzel, 1995. Herd-based rumenocentesis – a
clinical approach to the diagnosis of subacute rumen acidosis. The Compendium
X, s48–s56.
Oba, M. and M.S. Allen. 2000. Effects of brown midrib 3 mutation in corn silage on
productivity of dairy cows fed two concentrations of dietary neutral detergent
fiber: 3. Digestibility and microbial efficiency. J. Dairy Sci. 1350-1358.
Oetzel, G. R. 2000. Clinical aspects of ruminal acidosis in dairy cattle. Proceedings of the
33rd Annual Convention of the American Association of Bovine Practitioner,
Rapid City, pp. 46–53.
Offer, N.W., M. Marsden, J. Dixon, B.K. Speake, and F.E. Thacker. 1999. Effect of
dietary fat supplements on levels of n-3 polyunsaturated fatty acids, trans acids
and conjugated linoleic acid in bovine milk. Anim. Sci. 69:613–625.
Owens, F. N., D. S. Secrist, W. J. Hill, and D. R. Gill, 1998. Acidosis in cattle – a review.
J. Anim. Sci. 76:275–286.
Papadopoulos, G., C. Goulas, E. Apostolaki, and R. Abril. 2002. Effects of dietary supplements
of algae, containing polyunsaturated fatty acids, on milk yield and the composition of
milk products in dairy ewes. J. Dairy Res. 69(03):357-365.
Phillips, N., T. Mottram, D. Poppi, D. Mayer, and M. R. McGowan. 2010. Continuous
monitoring of ruminal pH using wireless telemetry. Anim. Prod. Sci. 50:72-77.

86

Piperova, L. S., B. B. Teter, I. Bruckental, J. Sampugna, S. E. Mills, M. P. Yurawecz, J.
Fritsche, K. Ku, and R. A. Erdman. 2000. Mammary lipogenic enzyme activity,
trans fatty acids and conjugated linoleic acids are altered in lactating dairy cows
fed a milk fat–depressing diet. J. Nut. 130(10):2568-2574.
Plaizier, J.C., 2004. Alfalfa as chopped hay or silage in alfalfa based total mixed rations
for lactating dairy cows. J. Dairy Sci. 87:2495–2505.
Plaizier, J. C., D. O. Krause, G. N. Gozho, and B. W. McBride. 2008. Subacute ruminal acidosis
in dairy cows: The physiological causes, incidence and consequences. Vet. J. 176(1):2131.
Poppy, G. D., A. R. Rabiee, I. J. Lean, W. K. Sanchez, K. L. Dorton and P. S. Morley.
2012. A meta-analysis of the effects of feeding yeast culture produced by
anaerobic fermentation of Saccharomyces cerevisiae on milk production of
lactating dairy cows. J. Dairy Sci. 95:6027-6041.
Quinn, L.Y., Burroughs, W., Christiansen, W.C., 1962. Continuous culture of ruminal
microorganisms in chemically defined medium. II. Culture medium studies. Appl.
Microbiol. 10:583–592.
Radostitis, O.M., C. C. Gay, D. C. Blood, and K. W. Hinchcliff. 2000. Veterinary
Medicine. Ninth edition. W.B. Sauders Co., London, pp.1820-1821.
Rossi, F., A. D. Luccia, D. Vincenti, and P.S. Cocconcelli. 2004. Effects of peptidic
fractions from Saccharomyces cerevisiae culture on growth and metabolism of the
ruminal bacteria Megasphaera elsdenii. Anim. Res. 53 :177-186.

87

Rossi, F., P. S. Cocconcelli, and F. Masoero. 1995. Effect of a Saccharomyces
cerevisiae culture on growth and lactate utilization by the ruminal bacterium
Megasphaera elsdenii. Ann. Zootech. 44: 403-409.
Russell, J.B., Allen, M.S., 1983. Physiological basis for interaction among rumen
bacteria: Streptococcus bovis and Megasphaera elsdenii as a model. In: Klug,
M.J., Reddy, C.A. (Eds.), Current Perspectives in Microbial Ecology. Am. Soc.
Micro., Washington, DC, pp. 239–247.
Sanchez, W.K., D.K. Beede, and M.A. Delorenzo. 1994. Macromineral element
interrelationships and lactational performance: Empirical models from a large
data set. J. Dairy Sci. 77:3096-3110.
Sauvant, D., S. Giger-Reverdin, and P. Schmidely. 2004. Rumen acidosis: Modeling
ruminant response to yeast culture. In: T.P. Lyons, K.A. Jacques (Eds.) Alltech's
20th Annu. Symp. Biotechnol. Feed Ind. Reimagining the Feed Industry.
Nottingham University Press pp. 221–229
Schingoethe, D. J., K. N. Linke, K. F. Kalscheur, A. R. Hippen, D. R. Rennich, and I. Yoon.
2004. Feed efficiency of mid-lactation dairy cows fed yeast culture during summer.
J. Dairy Sci. 87(12):4178-4181.
Shen, J. S., Z. Chai, L. J. Song, J. X. Liu, and Y. M. Wu. 2012. Insertion depth of oral
stomach tubes may affect the fermentation parameters of ruminal fluid collected
in dairy cows. J. Dairy Sci. 95(10):5978-5984.
Shen, Z., H. M. Seyfert, B. Lohrke, F. Schneider, R. Zitnan, A. Chudy, S. Kuhla, H. M.
Hammon, J. W. Blum, H. Martens, H. Hagemeister, and J. Voigt. 2004. An energy-rich
diet causes rumen papillae proliferation associated with more IGF type 1 receptors and

88

increased plasma IGF-1 concentrations in young goats. J. Nutr. 134(1):11-17.
Shingfield, K.J., S. Ahvenjarvi, V. Toivonen, A. Arola, K.V.V. Nurmela, P. Huhtanen,
and J.M. Griinari. 2003. Effect of dietary fish oil on biohydrogenation of fatty
acids and milk fatty acid content in cows. Anim. Sci. 77:165–179.
Silanikove, N. 1992. Effects of water scarcity and hot environment on appetite and
digestion in ruminants: a review. Livest. Prod. Sci. 30:175–194
Simopoulos, A. P. 1999. Essential fatty acids in health and chronic disease. Am. J. Clin.
Nutr. 70 (Suppl.):560S-569S.
Slyter, L. L. 1976. Influence of acidosis on rumen function. J. Anim. Sci. 43:910– 924.
Stamey, J. A., D. M. Shepherd, M. J. de Veth, and B. A. Corl. 2012. Use of algae or algal oil rich
in n-3 fatty acids as a feed supplement for dairy cattle. J. Dairy Sci. 95(9):5269-5275.
Steele, M. A., J. Croom, M. Kahler, O. AlZahal, S. E. Hook, K. Plaizier, and B. W. McBride.
2011. Bovine rumen epithelium undergoes rapid structural adaptations during graininduced subacute ruminal acidosis. Am. J. Physiol. Regul. Integr. Comp. Physiol.
300(6):R1515-1523.
Stegeman, G. A., D. P. Casper, D. J. Schingoethe, and R. J. Baer. 1992. Lactational
responses of dairy cows fed unsaturated dietary fat and receiving bovine somatotropin. J.
Dairy Sci. 75:1936 –1945.
Stella, A. V., R. Paratte, L. Valnegri, G. Cigalino, G. Soncini, E. Chevaux, V. Dell’Orto, and G.
Savoini. 2007. Effect of administration of live Saccharomyces cerevisiae on milk
production, milk composition, blood metabolites, and faecal flora in early lactating dairy
goats. Small Rumin. Res. 67(1):7-13.
Stone W. C. 1999. The effect of subclinical rumen acidosis on milk components. In

89

‘Proceedings of the Cornell Nutrition Conference’. pp. 40–46. (Ithaca, NY).
Thatcher, W. W. 1974. Effects of season, climate and temperature on reproduction and
lactation. J. Dairy Sci., 57:360–368
Toral, P. G., G. Hervas, P. Gomez-Cortes, P. Frutos, M. Juarez, and M. A. de la Fuente.
2010. Milk fatty acid profile and dairy sheep performance in response to diet
supplementation with sunflower oil plus incremental levels of marine algae. J.
Dairy Sci. 93:1655-1667.
US Census. 1950, 2010. Accessed July 18, 2014. http://www.census.gov/2010census/da
ta/apportionment-pop-text.php
USDA ARS (Agricultural Research Service). 2014. National Nutrient Database for
Standard Reference Release 27. Accessed Dec. 12, 2014. http://ndb.nal.usda.
gov/ndb/foods/how/659?fg=&man=&lfacet=&format=&count=&max=25&offset
=&sort=&qlookup=vegetable+oil
USDA ERS (Economic Research Service). 2002. The changing landscape of US milk
production. Accessed Aug. 27, 2014. http://www.ers.usda.gov/media/488847/
sb978_1_.pdf
USDA NASS (National Agricultural Statistis Service). 2014. Milk production. Accessed
Jan. 2, 2015. http://usda.mannlib.cornell.edu/usda/nass/MilkProd//2010s/
2014/MilkProd-12-19-2014.pdf
Van Beukelen, P., T. Wensing, and H. J. Breukink. 1985. Some experiments with the
feeding of chopped roughage to high producing dairy cows. Zeitschr. Tierphys.,
Tierern., Futtermittelk. 53:19–34.
Weary, D. M., J. M. Huzzey, and M. A. von Keyserlingk. 2009. Board-invited review: Using

90

behavior to predict and identify ill health in animals. J. Anim. Sci. 87(2):770-777.
Weatherburn, M. W. 1967. Phenol-hypochlorite reaction for determination of ammonia.
Analytical Chemistry 39(8):971-974.
Wijendran, V. and K. C. Hayes. 2004. Dietary n-6 and n-3 fatty acid balance and
cardiovascular health. Annu. Rev. Nutr. 24:597-615.
Williams, C. M. 2000. Dietary fatty acids and human health. Ann. Zootech. 49:165-180.
Williams, A.G. and G. S. Coleman. 1997. The rumen protozoa. in: P.N. Hobson, C.S.
Stewart (Eds.) The rumen microbial ecosystem. Blackie Academic &
Professional, New York, NY. pp 73–139
Wonsil, B. J., J. H. Herbein, and B. A. Watkins. 1994. Dietary and ruminally derived
trans-18:1 fatty acids alter bovine milk lipids. J. Nutr. 124:556 –565.
Young, B. A. 1981. Cold stress as it affects animal production. J. Anim. Sci. 52(1):154-163.

91

VITA
Maegan Weatherly is originally from Hickman, Kentucky. There, she attended
Fulton County High School where she graduated in 2009. She then pursued a Bachelor’s
degree in Animal Science with an emphasis on dairy and livestock at the University of
Kentucky. During her undergraduate career, Maegan was involved with the Dairy Club
and was actively involved in animal research assiting with sheep, beef, and dairy cattle
research projects. She was also involved with multiple Animal Science courses as an
undergraduate teaching assistant. Maegan began working on her Master’s degree with
Dr. Jeffrey Bewley in January of 2013 and graduated with honors with her Bachelor’s
degree in Animal Science in May of 2013. Her Master’s research was focused primiarily
on dairy cow nutrition such as the effects of yeast or algae supplements to lactating dairy
cows. Maegan presented her work at the 2014 Tri-State Dairy Nutrition Conference in
Fort Wayne, Indiana, as well as the 2014 Joint Annual ADSA Meeting in Kansas City,
Missouri. Additionally, Maegan was involved in a rumen pH validation study.
Outside of research, Maegan acted as the Teaching Assistant for the Applications
of Animal Sciences course, served as a member of the Graduate Student Division of the
American Dairy Science Assiciation Education and Social Committees, and was a
member of the University of Kentucky Gamma Sigma Delta chapter, Animal and Food
Sciences Graduate Association, and the American Registry of Professional Animal
Scientists.

92

Scientific Meeting Abstracts:
Weatherly, M.E., A.M. Gehman, A.M. Lisembee, J.D. Clark, D.L. Ray, and J.M.
Bewley. 2014. The effects of feeding an algae supplement on milk yield, milk
components, and dry matter intake. Abstract page 179. Tri-State Dairy Nutrition
Conference. Fort Wayne, IN.
Weatherly, M.E., A.M. Gehman, A.M. Lisembee, J.D. Clark, D.L. Ray, and J.M.
Bewley. 2014. The effects of feeding an algae supplement on milk yield, milk
components, and dry matter intake. Abstract 1146. American Dairy Science
Association Annual Meeting. Kansas City, MO.

93

